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TITLE OP THE INVENTION 

2,3,5-TRISUBSTITUTED PYRIDINES AS INHIBITORS OF 
CYCLOOXyGENASE-2 

5 BACKGROXJND OF THE INVENTION 

This invention relates to methods of treating cyclooxygenase 
mediated diseases and certain pharmaceutical compositions therefor. 

Non-steroidal, antiinflammatory drugs exert most of their 
antiinflammatory, analgesic and antipsn^etic activity and inhibit 

10 hormone-induced uterine contractions and certain types of cancer 

growth through inhibition of prostaglandin G/H synthase, also known 
as cyclooxygenase. Initially, only one form of cyclooxygenase was 
known, this corresponding to cyclooxygenase-1 (COX-1) or the 
constitutive enzyme, as originally identified in bovine seminal vesicles. 

15 More recently the gene for a second inducible form of cyclooxygenase, 
cyclooxygena8e-2 (COX-2) has been cloned, sequenced and characterized 
initially from chicken, murine and human sources. This enzyme is 
distinct from the COX-1 which has been cloned, sequenced and 
characterized from various sources including the sheep, the mouse and 

20 man. The second form of cyclooxygenase, COX-2, is rapidly and readily 
inducible by a number of agents including mitogens, endotoxin, 
hormones, cytokines and growth factors. As prostaglandins have both 
physiological and pathological roles, we have concluded that the 
constitutive enzyme, COX-1, is responsible, in large part, for endogenous 

25 basal release of prostaglandins and hence is important in their 

physiological functions such as the maintenance of gastrointestinal 
integrity and renal blood flow. In contrast, we have concluded that the 
inducible form, COX-2, is mainly responsible for the pathological effects 
of prostaglandins where rapid induction of the enzyme would occur in 

30 response to such agents as inflanunatory agents, hormones, growth 
factors, and cytokines. Thus, a selective inhibitor of COX-2 will have 
similar antiinflammatory, antip3n*etic and analgesic properties to a 
conventional non-steroidal antiinflammatory drug, and in addition 
would inhibit hormone-induced uterine contractions and have potential 

35 anti-cancer effects, but will have a diminished ability to induce some of 
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the mechanism-based side effects. In particular, such a compound 
should have a reduced potential for gastrointestinal toxicity, a reduced 
potential for renal side effects, a reduced effect on bleeding times and 
possibly a lessened ability to induce asthma attacks in aspirin-sensitive 
5 asthmatic subjects. 

Furthermore, such a compound will also inhibit 
prostanoid-induced smooth muscle contraction by preventing the 
synthesis of contractile prostanoids and hence may be of use in the 
treatment of dysmenorrhea, premature labour, asthma and eosinophil 
10 related disorders. It will also be of use in the treatment of Alzheimer's 
disease, for decreasing bone loss particularly in postmenopausal women 
(i.e. treatment of osteoporosis) and for the treatment of glaucoma. 

The potential utilities of selective cyclooxygenase-2 
inhibitors are discussed in the foUowing euticles: 
15 • 1. John Vane, "Towards a better aspirin" in Nature , Vol. 367, pp. 215- 
216,1994 

• 2. Bruno Battistini, Regina Botting and Y.S. Bakhle, " COX-1 and 
COX-2: Toward the Development of More Selective NSAIDs" in Drug 
News and Perspectives, Vol. 7, pp. 501-512, 1994. 

20 • 3. David B. Reitz and Karen Seibert, "Selective Cyclooxygenase 

Inhibitors" in Annual Reports in Medicinal Chemistry . James A. 
Bristol, Editor, Vol. 30, pp. 179-188, 1995. 

• 4. Don E. Griswold and Jerry L. Adams, " Constitutive 
Cydoosygenase (COX-1) and Inducible Cyclooxygenase (COX-2): 

25 Rationale for Selective Inhibition and Progress to Date" in Medicinal 
Research Reviews, Vol 16, pp. 181-206, 1996. 

SUMMARY OF THE INVENTION 

The invention encompasses the novel compound of Formula 
30 I as well as a method of treating cyclooxygenase-2 mediated diseases 
comprising administration to a patient in need of such treatment of a 
non-toxic therapeutically effective amount of a compound of Formula 1. 



-2- 
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SOgR^ 



R7 

X-C-(C)n-c;-0R9 

R4 r« R« 



The invention also encompasses certain pharmaceutical 
5 compositions for treatment of cyclooxygenase-2 mediated diseases 
comprising compounds of Formula I. 

DETAILED DESCRIPTION OP THE INVENTION 

The invention encompasses the novel compound of Pormula 
10 I as well as a method of treating cycloo^genase-2 mediated diseases 
comprising administration to a patient in need of such treatment of a 
non-toxic therapeutically effective amount of a compound of Formula I. 




r r7 
X-C-(C)n-C-OR9 

R^ R« R® 



I 

15 or a pharmaceutically acceptable salt thereof 
wherein: 

X is selected from the group consisting of 

(a) 0, 

(b) S, 

20 (c) bond, 

n is 0 or 1, 

R1 is selected from the group consisting of 
(a) CH3, 
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(b) NH2, 

(c) NHC(0)CF3, 

R"^ is chosen firom the group consisting of ' 

(a) halo, 

5 (b) Ci-ealkoxy, 

(c) Ci-ealkylthio, 

(d) CN, 

(e) Ci-ealkyl, 

(f) Ci.efluoroall^l, 
10 (g) N3, 

(h) -CO2RIO, 

(i) hydroxy, 

(j)-C(Rll)(Rl2).0H, 
(k) -Ci.6alkyl-C02-Rl3, 

15- 0) Ci-6fluoroalkoxy, 

(m) NO2, 
(n)NRl4Rl5, 

(o)NHCORl6 

R3 to R^6 are independently chosen firom the group consisting of 
20 (a) hydrogen 

(b) Ci-eaftyl 

or R3 and R*^, or R*^ and R^ together with the atoms to which they are 
attached form a carbocydic ring of 3, 4, 5, 6 or 7 atoms, or R^ and R^ are 
joined to form a bond. 

25 

One preferred embodiment of the invention is that wherein 

X is a bond. 

Another preferred embodiment of the invention is that 
90 wherein X is 0. 



Another preferred embodiment of the invention is that 
wherein X is S. 
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Another preferred embodiment of the invention is that 
wherein is CHs. 



Another preferred embodiment of the invention is that 
5 wherein R2 is halo or Gl-efluoroalkyL 



In another aspect, the invention also encompasses a 
pharmaceutical composition for treating an inflammatory disease 
susceptable to treatment with an non-steroidal anti-inflammatory agent 
10 comprising: 

a non-toxic therapeutically effective amount of a compound of formula I 

and a pharmaceutically acceptable carrier. 

In another aspect the invention also encompasses a 

pharmaceutical composition for treating cyclooxygenase mediated 
15 diseases advantageously treated by an active agent that selectively 

inhibits COX-2 in preference to COX-1 comprising: 

a non-toxic therapeutically effective amount of a compound of formula I 

and a pharmaceutically acceptable carrier. 

In another aspect the invention also encompasses a method 
20 of treating an inflammatory disease susceptable to treatment with an 

non-steroidal anti-inflammatory agent comprising: 

administration to a patient in need of such treatment of a non-toxic 

therapeutically effective amount of a compoimd of formula I and a 

pharmaceutically acceptable carrier. 
25 In another aspect the invention also encompasses a method 

of treating cycloo^genase mediated diseases advantageously treated by 

an active agent that selectively inhibits COX-2 in preference to COX-1 

comprising: 

administration to a patient in need of such treatment of a non-toxic 
30 therapeutically effective amount of a compoimd of formula L 

In another aspect the invention also encompasses the use of 
a compound of formula I or a pharmaceutical composition in the 
manufacttu*e of a medicament for the treatment of an inflammatory 
disease susceptable to treatment with an a non-steroidal anti- 
35 inflammatory agent. 
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The invention is illustrated by the compounds of the 
Examples disclosed herein as well as the compoimds of Table I. 

1) Definitions 

The following abbreviations have the indicated meanings: 



10 



15 



20 



25 



30 



AA 
Ac 

AIBN 
Bn 
CHO 
CMC 

COX 

DBU 

DMAP 

DMF 

DMSO 

EtsN 

HBSS 
H 



HWB 

IPA 

KHMDS 

LDA 

LPS 

mCPBA 

MMPP 

Ms 

MsO 

MBS 



arachidonic acid 
acetyl 

2 .2--azobisisobutyronitrile 
benzyl 

Chinese hamster ovary 

l-cyclohexyl-3-(2-morpholinoethyl) 

carbodiimidemetho-p-toluenesulfonate 

cyclooxygenase 

diazabicyclo [5 .4.0] undec-7-ene 

4-(dimethylamino)pyridine 

N,N-dimethylformamide 

dimethyl sulfoxide 

triethylamine 

Hanks balanced salt solution 

N-[2-Hydroxyethyl]piperazine-N^-[2- 

ethanesulfonic acid] 

himian whole blood 

isopropyl alcohol 

potassium hexamethyldisilazane 

lithium diisopropylamide 

lipopolysaccharide 

metachloro perbenzoic acid 

magnesium monoperoxyphthalate 

methanesulfonyl = mesyl 

methanesulfonate = mesylate 

N-bromosuccinimide 



-6- 
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10 



15 



20 



NCS = N-chlorosucciniinide 

NIS = N-iodosuccinimide 

NMO = N-methylmorpholine N-oxide 

NSAID = non-steroidal anti-inflammatory drug 

ODCB = o-dichlorobenzene 

Oxone® = potassivim peroxymonosulfate 

PCC = pyridinium chlorochromate 

PDC = pyridinium dichromate 

r.t. = room temperature 

rac. = racemic 

TBAF = tetra-n-butylammonium fluoride 

Tf = trifluoromethanesulfonyl = triflyl 

TFAA = trifluoroacetic anhydride 

Tfl) = trifluoromethanesulfonate = triflate 

THF = tetrahydrofuran 

TLC = thin layer chromatography 

TMPD = N,N,N',N*-tetramethyl-p-phenylenediamine 

Ts = p-toluenesulfonyl = tosyl 

TsO = p-toluenesulfonate =: tosylate 

Tz = IH (or 2H)-tetrazol-5-yl 

S02Me = methyl sulfone ( also SO2CH3) 

SO2NH2 = sulfonamide 



.7- 
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10 



Alkyl grpyp ^bbrgvifttiPPg Dose Abbreviations 

bis in die = twice daily 
quater in die = four times a day 
ter in die = three times a day 



Me = 


methyl 


bid 


Et 


ethyl 


qid 


n-Pr = 


normal propyl 


tid 


i-Pr = 


isopropyl 




n-Bu = 


normal butyl 




i-Bu = 


isobutyl 




s-Bu = 


secondary butyl 




t-Bu = 


tertiary butyl 




c-Pr = 


cyclopropyl 




c-Bu = 


cyclobutyl 




c-Pen = 


cyclopentyl 




c-Hex = 


cyclohexyl 





15 

For purposes of this specification ''Alkyr means linear 
branched and cychc structures, and combinations thereof, containing 
the indicated number of carbon atoms. Examples of alkyl groups 
include methyl, ethyl, propyl, isopropyl, butyl, s- and t-butyl, pentyl, 

20 he^l, heptyl, octyl, nonyl, undecyl, dodecyl, tridecyl, tetrade<yl, 

pentadecyl, eicosyl, 3,7-diethyl-2,2odimethyl- 4-propylnonyl, cyclopropyl, 
cyclopentyl, cycloheptyl, adamantyl, (yclododecylmethyl, 2-ethyH- 
bicyclo[4.4.0]decyl and the like. 

For purposes of this specification "Fluoro alkyl" means 

25 al^l groups in which one or more hydrogen is replaced by fluorine. 
Examples are -CF3, -CH2CH2F, -CH2CF3, c-Pr-F5, c-Hex-Fn and the 
like. 

For purposes of this specification "Alkoxy"* means alkoxy 
groups of the indicated number of carbon atoms of a straight, branched, 
30 or cyclic configuration. Examples of alkoxy groups include methoxy, 
ethoxy, propoxy, isopropoxy, cyclopropyloxy, cyclohexyloxy, and the like. 

For purposes of this specification "Alkylthio" means 
alkylthio groups of the indicated number of carbon atoms of a straight, 
branched or cyclic configuration. Examples of alkylthio groups include 
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methyltiiio, propylthio, isopropylthio, cycloheptylthio, etc. By way of 
illustration, the propylthio group signifies -SCH2CH2CH3. 

For pxirposes of this specification **Halo" means F, CI, Br, or L 

5 Exemplifying the invention are: 

(1) 2-(2-Hydroxy)ethoxy-3-(4-methylsulfonyl)phenyl-5- 
trifluoromethy Ipjrridine , 

(2) 2-(2-Methoxy)ethoxy-3-(4-methylsulfonyl)phenyl-5- 
10 trifluoromethylpjrridine, 

(3) 2-(2-Hydroxy-l-propyloxy)-3-(4-methylsulfonyl)phenyl-5- 
trifluoromethylpyridine, 

(4) 2-(2-Hydroxy-2-methyl-l-propyloxy)-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

15 (5) 5-Chloro-2-(2-hydro3Qr-2-methyl-l-propylo3Qr)-3-(4- 

methylsulfonyDphenylpyridine, 

(6) 2-(2-Methoxy-2-methyl-l-propyloxy)-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridin6, 

(7) 2-(2-Hydroxy-2-methyl-l-butyloxy)-3-(4- 

20 methylsulfonyl)phenyl-5-trifluoromethylp3a*idine, 

(8) 2-(2-Hydroxy-2-ethyH-butyloxy)-3-(4-methylsulfonyl)phenyl- 
5-trifluoromethylpyridine, 

(9) 5-Chloro-2-(2-hydroxy-2-ethyl-l-butyloxy)-3-(4- 
methylsulfonyDphenylpjrridine , 

25 (10) 2-(2-Hydroxy-2-phenyl-l-propyloxy)-3-(4- 

methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(11) 2-( l-Hydroxycyclopropyl)methoxy-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylp3rridine, 

(12) 2-(l-Hydroxycyclobutyl)methoxy-3-(4-methylsulfonyl)phenyl- 
30 5-trifluoromethylp3rridine , 

(13) 2-( l-Hydroxycyclopentyl)methoxy-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(14) 5-Chloro-2-(l-hydroxycyclopentyl)methoxy-3-(4- 
methylsulfonyDphenylpyridine, 
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(15) 2-(l-Hydro3ycyclohe3Qrl)methoxy-3-(4- 
inethylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(16) 2-((2S)-3-Hydroxy-3-methyl-2-butyloxy).3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylp3rridine, 

5 (17) 2-((2R)-3-Hydroxy-3-methyl-2-butyloxy)-3-(4- 

methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(18) 5-CMoro-2-((2R)-3-Hydroxy.3-methyl-2-butyloxy)-3-(4- 
methylsulfonyDphenylpjrridine, 

(19) 2-(4-Hydroxy-4-methyl-3-pentyloxy)-3-(4- 

10 methylsulfonyl)phenyl-5-tri£luoromethylp3n*idine, 

(20) 2-((2S)-3-Ethyl-3-hydroxy-2-pentyloxy).3-(4- 
methylsulfonyl)phenyl-5-trifluoroinethylpyridine, 

(21) 2-((2R)-3-Ethyl-3-hydroxy-2-pentyloxy)-3-(4. 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

15 (22) 2-(l-(l-Hydroxycyclopentyl)ethoxy)-3-(4- 

methylsulfonyDphenyl-S-trifluoromethylpjn'idine, 

(23) 2-((2R,3R)-3-Hydroxy.2-butyloxy)-3-(4- 
inethylsulfonyl)phenyl-5-trifluoromethylp3n*idine, 

(24) 5-Chloro-2-((2R,3R)-3-hydroxy-2-butyloxy)-3-(4- 
20 methylsulfonyDphenylpjrridine, 

(25) 2-((2R,3S)-3-Hydroxy-2-butyloxy)-3K4-methylsulfonyl)phen^ 
5-trifluoromethylpyridine, 

(26) 2-((2S,3S)-3-Hydroxy-2-butyloxy)-3-(4-methylstilfonyl)phen^ 
5-trifluoromethylp3rridine, 

25 (27) 2-((2S,3R)-3-Hydroxy-2-butyloxy)-3-(4-methylsulfonyl)ph^ 

5-trifluoromethylpyridine, 

(28) 2-((2R)-l-Hydroxy-2-propyloxy)-3-(4-inethyl8ulfonyl)phenyl-5 
trifluoromethylpyridine, 

(29) 2-(cis-2-HydroxyQyclopentylo35y)-3-(4-methylsulfonyl)phenyl- 
30 5-trifluoroinethylp3rridine, 

(30) 2-(trans-2-Hydroxycyclopentyloxy)-3-(4- 
methylsulfonyDphenyl-S-trifluoromethylpyridine, 

(31) (+)-2-(cis-2-Hydroxy-2-methylcyclopentyloxy)-3-(4- 
methylsulfonyl)phenyl-5-tri£luoromethylpyridine, 



-10- 



wo 99/14194 



PCT/CA98/00862 



(32) (-)-2-(cis-2-Hydroxy-2-methylcyclopentyloxy)-3-(4- 
methylsulfonyl)phenyl-5-trifluorometliylp3rridine, 

(33) 3-(4-aminosulfonyl)phenyl-2-(cis*2-hydro3cy-2- 
methylcyclopentyloxy)-5*trifluoromethylpyridine, 

5 (34) 5-ChlorcH2-(cis-2-hydro3qr-2-methylcyclopentyloxy)-3-(4- 

inethylsulfonyl)phenylpyridine, 

(35) 2-(trans-2-Hydroxy-2-methylcydopentylo3gr)-3-(4- 
methylstilfonyDphenyl-S-trifluoromethylpyridine, 

(36) 2-(cis-2-Hydroxy-2-ethylcyclopentyloxy)-3-(4- 
10 methylsulfonyl)phenyl-5-trifluoromethylp3rridine, 

(37) 2-(cis-2-Hydroxy-2-methylcyclohexyloxy)-3-(4- 
methylsulfonyl)phenyl-5-trifluoroinethylp3nndine, 

(38) 2-((3S)-3-Hydroxy.l-butyloxy)-3-(4-mettiylsulfonyl)phenyl-5 
trifluoromethylpyridine, 

15 (39) 2-((3R)-3.Hydroxy-l-butyloxy)-3-(4-methylsulfonyl)phenyl-5- 

trifluoromethylpyridine , 

(40) 2-(3-Hydroxy-3-inethyl-l-butyloxy)«3-(4- 
methylsulfoiiyl)phenyl-5-trifluoromethylpyridine, 

(41) 2-((2R)-4-Hydroxy-2-butyloxy)-3-(4-methylsulfonyl)phenyl-5- 
20 - trifluoromethylpyridine, 

(42) 2-(2-Hydroxy)thioethoxy-3-(4-metliylsulfonyl)phenyl-5- 
trifluoromethylpyridine, 

(43) 2-(2-Hydroxy-2-methyH-thiopropyloxy)-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

25 (44) 5-Chloro-2-(2-Hydroxy-2-methyl-l-thiopropyloxy)-3-(4- 

methylsulfonyDphenylpyridine, 

(45) (+)-2-(2-Hydroxy.2-methyl-l.thiobutyloxy)-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine^ 

(46) (-)-2-(2-Hydroxy-2-methyl-l.thiobutyloxy)-3-(4- 
30 methylsulfonyl)phenyl-5-trifluoromethylp3PTidine, 

(47) 2-(2-Ethyl-2-hydroxy-l-thiobutyloxy)-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(48) 5.Chloro-2-(2-ethyl-2-hydroxy-l-thiobutyloxy)-3-(4- 
methylsulfonyDphenylpyridine, 
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(49) 2-( l-Hydroxycyclopentyl)thiomethoxy-3-(4- 
methylsulfonyl)phenyl-5-trifluoroinethylpyridine, 

(50) 2-(3-Hydroxy-2-thiopropyloxy)-3-(4-methylsiilfonyl)phenyl-5- 
trifluoroinethylp3nidine, and 

5 (51) 5-Chloro-2-((Z)-3-Hydroxy-3-methyl-l-butenyl)-3.(4- 

methylsulfonyDphenylpjrridine. 

Some of the compounds described herein contain one or 
more asymmetric centers and may thus give rise to diastereomers and 
10 optical isomers. The present invention is meant to comprehend such 
possible diastereomers as well as their racemic and resolved, 
enantiomerically pure forms and pharmaceutically acceptable salts 
thereof. 

Some of the compounds described herein contain olefinic 
15 double bonds, and tmless specified otherwise, are meant to include both 
E and Z geometric isomers. 

In a second embodiment, the invention encompasses 
pharmaceutical compositions for inhibiting cyclooxygenase and for 
treating cyclooxygenase mediated diseases as disclosed herein 
20 comprising a pharmaceutically acceptable carrier and a non-toxic 

therapeutically effective amount of compound of formula I as described 
above. 

Within this embodiment the invention encompasses 
pharmaceutical compositions for inhibiting cyclooxygenase-2 and for 
25 treating cyclooxygenase-2 mediated diseases as disclosed herein 
comprising a pharmaceutically acceptable carrier and a non-toxic 
therapeutically effective amount of compound of formula I as described 
above. 

In a third embodiment, the invention encompasses a 
30 method of inhibiting cyclooxygenase and treating cyclooxygenase 
mediated diseases, advantageously treated by an active agent that 
selectively inhibits COX-2 in preference to COX-1 as disclosed herein 
comprising: 



-12- 
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administration to a patient in need of such treatment of a non-toxic 
therapeutically efiTective amount of a compoimd of Formula I as 
disclosed herein. 

The pharmaceutical compositions of the present invention 
5 comprise a compound of Formula I as an active ingredient or a 
pharmaceutically acceptable salt, thereof, and may also contain a 
pharmaceutically acceptable carrier and optionally other therapeutic 
ingredients. The term "pharmaceutically acceptable salts" refers to 
salts prepared from pharmaceutically acceptable non-toxic bases 

10 including inorganic bases and organic bases. Salts derived from 
inorganic bases include aluminum, ammonium, calcium, copper, 
ferric, ferrous, lithium, magnesium, manganic salts, manganous, 
potassiimi, sodium, zinc, and the like. Particularly preferred are the 
ammonium, calcium, magnesixun, potassiimi, and sodium salts. Salts 

15 derived from pharmaceutically acceptable organic non-toxic bases 
include salts of primary, secondary, and tertiary amines, substituted 
amines including naturally occurring substituted amines, cyclic 
amines, such as arginine, betaine, caffeine, choline, N,N" 
dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2- 

20 dimethylaminoethanol, ethanolamine, ethylenediamine, N- 

ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, 
hydrabamine, isopropylamine, lysine, methylglucamine, morpholine, 
piperazine, piperidine, polyamine resins, procaine, purines, 
theobromine, triethylamine, trimethylamine, tripropylamine, 

25 tromethamine, and the like, and basic ion exchange resins. 

It will be understood that in the discussion of methods of 
treatment which follows, references to the compounds of Formula I are 
meant to also include the pharmaceutically acceptable salts. 

The compoimd of Formula I is useful for the relief of pain, 

30 fever and inflammation of a variety of conditions including rheumatic 
fever, symptoms associated with influenza or other viral infections, 
common cold, low back and neck pain, dysmenorrhea, headache, 
toothache, sprains and strains, myositis, neuralgia, sjoiovitis, arthritis, 
including rheumatoid arthritis, degenerative joint diseases 

35 (osteoarthritis), gout and ankylosing spondylitis, bursitis, bums. 
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iiijuries, following siirgical and dental procedures. In addition, such a 
compound may inhibit cellular neoplastic transformations and metastic 
tumor growth and hence can be used in the treatment of cancer. 
Compotmd I may also be of use in the treatment and/or prevention of 
5 cyclooxygenase-mediated proliferative disorders such as may occur in 
diabetic retinopathy and tumour angiogenesis. 

Compound I will also inhibit prostanoid-induced smooth 
muscle contraction by preventing the S3nithesis of contractile prostanoids 
and hence may be of use in the treatment of dysmenorrhea, premature 

10 labor, asthma and eosinophil related disorders. It will also be of use in 
the treatment of Alzheimer's disease, and for the prevention of bone loss 
(treatment of osteoporosis) and for the treatment of glaucoma. 

By virtue of its high cyclooxygenase-2 (COX-2) activity 
and/or its specificity for cycloo3^genase-2 over cyclooxygenase-1 (COX-l), 

15 Compound I will prove useful as an alternative to conventional non- 
steroidal antiinflammatory drugs (NSAID'S) particularly where such 
non-steroidal antiinflammatory drugs may be contra-indicated such as 
in patients with peptic ulcers, gastritis, regional enteritis, ulcerative 
colitis, diverticulitis or with a recurrent history of gastrointestinal 

20 lesions; GI bleeding, coagulation disorders including anemia such as 
hypoprothrombinemia, haemophilia or other bleeding problems; kidney 
disease; those prior to surgery or taking anticoagulants. 

Similarly, Compound I, will be useful as a partial or 
complete substitute for conventional NSAID'S in preparations wherein 

25 they are presently co-administered with other agents or ingredients. 
Thus in further aspects, the invention encompasses pharmaceutical 
compositions for treating cyclooxygenase-2 mediated diseases as defined 
above comprising a non-toxic therapeutically effective amount of the 
compound of Formula I as defined above and one or more ingredients 

30 such as another pain reliever including acetominophen or phenacetin; a 
potentiator including caffeine; an H2-antagonist, aluminum or 

magnesium hydroxide, simethicone, a decongestant including 
phenylephrine, phenylpropanolamine, pseudophedrine, oxymetazoline, 
ephinephrine, naphazoline, xylometazoline, propylhexedrine, or levo- 
35 desoxyephedrine; an antiitussive including codeine, hydrocodone. 
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caramiphen, carbetapentane, or dextramethorphan; a prostaglandin 
including misoprostol, enprostil, rioprostil, omoprostol or rosaprostol; a 
diuretic; a sedating or non-sedating antihistamine. In addition the 
invention encompsusses a method of treating cyclooxygenase mediated 

5 diseases comprising: administration to a patient in need of such 

treatment a non-toxic therapeutically effective amount of the compound 
of Formula I, optionally co-administered with one or more of such 
ingredients as listed immediately above. 

For the treatment of any of these cyclooxygenase mediated 

10 diseases Compound I may be administered orally, topically, 

parenterally, by inhalation spray or rectally in dosage unit formulations 
containing conventional non-toxic pharmaceutically acceptable carriers, 
adjuvants and vehicles. The term parenteral as used herein includes 
subcutaneous injections, intravenous, intramuscular, intrastemal 

15 injection or infusion techniques. In addition to the treatment of warm- 
blooded animals such as mice, rats, horses, cattle sheep, dogs, cats, etc., 
the compound of the invention is effective in the treatment of humans. 

As indicated above, pharmaceutical compositions for 
treating cyclooxygenase-2 mediated diseases as defined may optionally 

20 include one or more ingredients as listed above. 

The pharmaceutical compositions containing the active 
ingredient may be in a form suitable for oral use, for example, as tablets, 
troches, lozenges, aqueous or oily suspensions, dispersible powders or 
granules, emulsions, hard or soft capsules, or syrups or eUxirs. 

25 Compositions intended for oral use may be prepared according to any 
method known to the art for the manufacture of pharmaceutical 
compositions and such compositions may contain one or more agents 
selected from the group consisting of sweetening agents, flavoring 
agents, coloring agents and preserving agents in order to provide 

30 pharmaceutically elegant and palatable preparations. Tablets contain 
the active ingredient in admixture with non-toxic pharmaceutically 
acceptable excipients which are suitable for the manufacture of tablets. 
These excipients may be, for example, inert diluents, such as calcium 
carbonate, sodium carbonate, lactose, calcium phosphate or sodium 

35 phosphate; granulating and disintegrating agents, for example, com 
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starch, or alginic acid; binding agents, for example starch, gelatin or 
acacia, and lubricating agents, for example, magnesium stearate, 
stearic acid or talc. The tablets may be uncoated or they may be coated by 
known techniques to delay disintegration and absorption in the 
5 gastrointestinal tract and thereby provide a sustained action over a 
longer period. For example, a time delay material such as glyceryl 
monostearate or glyceryl distearate may be employed. They may also be 
coated by the technique described in the U.S. Patent 4,256,108; 4,166,452; 
and 4,265,874 to form osmotic therapeutic tablets for control release. 

10 Formulations for oral use may also be presented as hard 

gelatin capsules wherein the active ingredient is mixed with an inert 
solid diluent, for example, calcium carbonate, calcium phosphate or 
kaolin, or as soft gelatin capsules wherein the active ingredients is 
mixed with water or miscible solvents such as propylene glycol, PEGte 

15 and ethanol, or an oil medium, for example peanut oil, liquid paraffin, 
or olive oil. 

Aqueous suspensions contain the active material in 
admixture with excipients suitable for the manufacture of aqueous 
suspensions. Such excipients are suspending agents, for example, 

20 sodium carboxsrmethylcellulose, methylcellulose, hydroxy- 

propylmethycellulose, sodiimi alginate, polyvinyl-pyrrolidone, gum 
tragacanth and gimi acacia; dispersing or wetting agents may be a 
naturally-occurring phosphatide, for example lecithin, or condensation 
products of an al^lene oxide with fatty acids, for example 

25 polyoigrethylene stearate, or condensation products of ethylene oxide 
with long chain aliphatic alcohols, for example heptadecaethyl- 
eneoxycetanol, or condensation products of ethylene oxide with partial 
esters derived from fatty acids and a hexitol such as polyoxyethylene 
sorbitol monooleate, or condensation products of ethylene oxide with 

30 partial esters derived from fatty acids and hexitol anhydrides, for 

example polyethylene sorbitan monooleate. The aqueous suspensionis 
may also contain one or more preservatives, for example ethyl, or n- 
propyl, p-hydro^benzoate, one or more coloring agents, one or more 
flavoring agents, and one or more sweetening agents, such as sucrose, 

35 saccharin or aspartame. 
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Oily suspensions may be formulated by suspending the 
active ingredient in a vegetable oil, for example, arachis oil, olive oil, 
sesame oil or coconut oil, or in mineral oil such as liquid paraffin. The 
oily suspensions may contain a thickening agent, for example, beeswax, 

5 hard paraffin or cetyl alcohol. Sweetening agents such as those set forth 
above, and flavoring agents may be added to provide a palatable oral 
preparation. These compositions may be preserved by the addition of an 
anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation 

10 of an aqueous suspension by the addition of water provide the active 

ingredient in admixture with a dispersing or wetting agent, suspending 
agent and one or more preservatives. Suitable dispersing or wetting 
agents and suspending agents are exemplified by those already 
mentioned above. Additional excipients, for example, sweetening, 

15 flavoring and coloring agents, may also be present. 

The pharmaceutical compositions of the invention may also 
be in the form of an oiHn-water emulsions. The oily phase may be a 
vegetable oil, for example, olive oil or arachis oil, or a mineral oil, for 
example, liquid paraffin or mixtures of these. Suitable emulsifying 

20 agents may be naturally-occurring phosphatides, for example, soy bean, 
lecithin, and esters or partial esters derived from fatty acids and hexitol 
anhydrides, for example, sorbitan monooleate, and condensation 
products of the said partial esters with ethylene oxide, for example, 
polyoxy-ethylene sorbitan monooleate. The emulsions may also contain 

25 sweetening and flavouring agents. 

Syrups and elixirs may be formulated with sweetening 
agents, for example, glycerol, propylene glycol, sorbitol or sucrose. Such 
formulations may also contain a demvdcent, a preservative and 
flavoring and coloring agents. The pharmaceutical compositions may 

30 be in the form of a sterile injectable aqueous or oleagenous suspension. 
This suspension may be formulated according to the known art using 
those suitable dispersing or wetting agents and suspending agents 
which have been mentioned above. The sterile injectable preparation 
may also be a sterile injectable solution or suspension in a non-toxic 

35 parenterally-acceptable diluent or solvent, for example, as a solution in 
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1,3-butane dioL Among the acceptable vehicles and solvents that may be 
employed are water, Ringer's solution and isotonic sodium chloride 
solution. Cosolvents such as ethanol, propylene glycol or polyethylene 
glycols may also be used. In addition, sterile, fixed oils are 
5 conventionally employed as a solvent or suspending medium. For this 
purpose any bland fixed oil may be employed including synthetic mono- 
or diglycerides. In addition, fatty acids such as oleic acid find use in the 
preparation of injectables. 

Compound I may also be administered in the form of a 

10 suppositories for rectal administration of the drug. These compositions 
can be prepared by mixing the drug with a suitable non-irritating 
excipient which is solid at ordinary temperatures but liquid at the rectal 
temperature and will therefore melt in the rectum to release the drug. 
Such materials are cocoa butter and polyethylene glycols. 

15 For topical use, creams, ointments, gels, solutions or 

suspensions, etc., containing the compound of Formula I are employed. 
(For purposes of this application, topical application shall include mouth 
washes and gargles.) Topical formulations may generally be comprised 
of a pharmaceutical carrier, cosolvent, emulsifier, penetration 

20 enhancer, preservative system, and emollient. 

Dosage levels of the order of firom about 0.01 mg to about 140 
mg/kg of body weight per day are usefiil in the treatment of the above- 
indicated conditions, or alternatively about 0.5 mg to about 7 g per patient 
per day. For example, inflammation may be effectively treated by the 

25 administration of fi-om about 0.01 to 50 mg of the compound per kilogram 
of body weight per day, or alternatively about 0.5 mg to about 3.5 g per 
patient per day. 

The 8unount of active ingredient that may be combined with 
the csurier materials to produce a single dosage form will vary 

30 depending upon the host treated and the particular mode of 

administration. For example, a formulation intended for the oral 
administration of humans may contain from 0.5 mg to 5 g of active agent 
compounded with an appropriate and convenient amount of carrier 
material which may vary fi-om about 5 to about 95 percent of the total 

35 composition. Dosage unit forms will generally contain between fi*om 
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about 1 mg to about 500 mg of an active ingredient, typically 25 mg, 50 
mg, 100 mg, 200 mg, 300 mg, 400 mg, 500 mg, 600 mg, 800 mg, or 1000 
mg. 

It will be imderstood, however, that the specific dose level 
5 for any particular patient will depend upon a variety of factors including 
the age, body weight, general health, sex, diet, time of administration, 
route of administration, rate of excretion, drug combination and the 
severity of the particidar disease undergoing therapy. 

10 Methods of Synthesis 

The compounds of Formula I of the present invention can be 
prepared according to the synthetic routes outlined in Schemes 1 to 4 and 
by following the methods described therein. 

15 

SCHEME 1 

The 2-alkoxypyridines of Formula la may be prepared in a 
multi-step sequence from the requisite 2-aminopyridine II. Initial 
20 bromination of 11 with bromine in acetic acid provides the bromide III. 
A palladium-catalyzed coupling of III with 4-(methylthio)phenylboronic 
acid in the presence of a suitable base, such as sodium carbonate, 
provides the sulfide IV which can be oxidized using one of several 
oxidants, such as MMPP, oxone®, or OSO4/NMO to the corresponding 

25 sulfone V. The amino pyridine V can be converted to the chloride VI by 
treatment of V with sodium nitrite and HCl followed by reaction with 
POCI3. Treatment of VI with an appropriately substituted alcohol or diol 

VII and a suitable base such as i-BuOK in an inert solvent such as DMF 
provides the 2-alkox3^3nridine of Formula la. 

30 

Scheme 1 
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SCHEME 2 



5 The 2-thioalko^ypyridines of Formula lb can also be 

prepared from the appropriate 2-chlorop3nidines VI. Treatment of VI 
with an appropriately substituted mercaptan VIII and a base such as 
cesium carbonate in an inert solvent such as DMSO or DMP provides the 
2-thioalkoxyp3rridines of Formula lb. Alternatively, treatment of the 
10 triphenylsilylthioethers DC with a fluoride source such as TBAP in a 
solvent such as THF in the presence of VI also provides the 2- 
thioalkoxypyridines of Formula lb. 

Scheme 2 

15 
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SCHEMES 

5 The aryl sulfonamides of Formula Ic can be prepared from 

the appropriately substituted 3-bromo-2-chloropyTidines X which are 
obtained from the 2-amino-3-bromopyridines III by treatment with 
sodium nitrite and HCl followed by reaction with POCI3. Treatment of X 

with an appropriately substituted alcohol or diol VII and a suitable base 
10 such as i-BuOK in an inert solvent such as DMF provides the 2-alkoxy-3- 
bromopyridine XI. A palladium-catalyzed coupUng of XI with 4- 
(aminosulfonyl)phenylboronic acid in the presence of a suitable base, 
such as sodium carbonate, provides the aryl sulfonamides of Formula 
Ic. 



15 



Scheme 3 
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SCHEME 4 



5 Additional 2-substituted pyridines of Formula Id can be 

obtained from the 2-chloropyridines VI. Treatment of VI witii an 
appropriately substituted terminal acetylene XII in the presence of a 
palladium catalyst, such aa dibromobistriphenylphosphine palladium, a 
copper salt, such as Cul, and a base such as triethylamine provides 2- 

10 acetylenic pyridines XIII. Further reaction of these acetylenes provide 
additional examples of pyridines of Formula Id. For example, 
hydrogenation over a palladium catalyst, such as lindlar's catalyst, 
provides the (Z)-alkenes of Formula Id. 



-22- 



wo 99/14194 



PCT/CA98/00862 



Scheme 4 




H = q-ORO 



XII 



Pd catalyst 





H2 



Id 



5 Representative Cnmpn^^rf/^^ 



invention. 



Tables I fllnstrates novel compounds of the present 



10 




Sidechain 



15 Stereochemisfry 



Me CF3 



Me CP3 O-^^^ 



- 23 - 



SUBSTITUTE SHEET (RULE 26) 

• V 1 ■ 



PCT/CA98/00862 



TABLE I (contiTll1Ar^^ 



Me CF3 



Me CI 



Me CF3 



Me CF3 



Me CF3 



Me CI 



Me CF3 



Me CF3 



Me CF3 



Me CF3 • racemic 

m 





Me CF3 ^ Ph 



- 24 - 



SUBSTITUTE SHEET (RULE 26) 



racemic 



racemic 



PCT/CA98/00862 



TABLE I fcontinnpH^ 



Me CI 



Me CP3 



Me CF3 



Me CF3 



Me CI 



Me CF3 



Me CF3 



Me CF3 



Me CF3 




- 25 - 
SUBSTITUTE SHEET (RULE 26) 



PCT/CA98/00862 



Me CPs ' 2R,3R 



Me Cl I 2R,3R 



°- ' -OH 



°- - -OH 



Me CF3 ' 2R,3S 



Me CF3 5 2S,3S 



Me CF3 ' 2S,3R 



° ^OH 



Me CFa • 2R 



'^OH 



O. 



Me CF3 HO^^ 



O. 



t> 

Me CF3 H0^^*~ 



racemic 



racemic 



Me CF3 ^ (+)-eiiantioiner 



SUBSTITUTE SHEET (RULE 26) 



TABLE I (c,nnf.in^if>^) 



Me CF3 



NH2 CF3 



Me CI 




°x> 

Me CF3 OH 



Me CF3 



Me CF3 
Me CF3 
Me CF3 



Me CF3 




Me CF3 I 



PCT/CA98/00862 

(-)-enantiozner 

racemic 

racemic 

racemic 

racemic 

racemic 

3S 

3R 

2R 



- 27 - 
SUBSTITUTE SHEET (RULE 26) 



wo 99/14194 PCT/CA98/00862 



TABLE Trrnnf,'^,^^^) 
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TABLE I (continuftH^ 
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Assays for determiningr pinlo^cal Activity 

The compoTind of Formxila I can be tested using the 
following assays to determine their cyclooxygenase-2 inhibiting activity. 

5 

INHIBITION O F CYCLOQXYGENASE ACTIVITY 

Whole cell assays for COX-2 and COX-1 using CHO transfected cell lines 
Chinese hamster ovary (CHO) cell lines which have been 

10 stably transfected with an eukaryotic expression vector pCDNAIII 

containing either the human COX-1 or C0X*2 cDNAs are used for the 
assay. These cell lines are referred to as CHO [hCOX-1] and CHO 
[hCOX-2], respectively. For cyclooxygenase assays, CHO[hCOX-l] cells 
from suspension cultures and CH0[hC0X-2] cells prepared by 

15 trypsinization of adherent cultures are harvested by centrifiigation (300 x 
g, 10 min) and washed once in HBSS containing 15 mM HEPES, pH 7.4, 
and resuspended in HBSS, 15 mM HEFES, pH 7.4, at a cell concentration 
of 1.5 X 106 cells/ml. Drugs to be tested are dissolved in DMSO to 66.7-fold 
the highest test drug concentration. Compounds are typically tested at 8 

20 concentrations in duplicate using serial 3-fold serial dilutions in DMSO 
ofthe highest drug concentration. Cells (0.3 x 10^ cells in 200 ^l)are 
preincubated with 3 ^1 of the test drug or DMSO vehicle for 15 min at 
37*C. Working solutions of peroxide-free AA (5.5 jiM and 110 \M AA for 
the CHO [hCOX-11 and CHO [COX-21 assays, respectively) are prepared 

25 by a 10-fold dilution of a concentrated AA solution in ethanol into HBSS 
containing 15 xnM HEPES, pH 7.4. Cells are then challenged in the 
presence or absence of drug with the AA/HBSS solution to yield a final 
concentration of 0.5 \jM AA in the CHO[hCOX-l] assay and a final 
concentration of 10 ^iM AA in the CH0[hC0X-21 assay. The reaction is 

30 terminated by the addition of 10 pi 1 N HCl followed by neutralization 
with 20 pi of 0.5 N NaOH. The samples are centxifuged at 300 x g at 4*C 
for 10 min, and an aliquot of the clarified supernatant is appropriately 
diluted for the determination of PGE2 levels using an enzyme-linked 
immunoassay for PGE2 (Correlate PGE2 enzyme immunoassay kit, 

35 Assay Designs, Inc.). Cyclooxygenase activity in the absence of test 
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compounds is determined as the difference in PGE2 levels of cells 
challenged with arachidonic add versus the PGE2 levels in cells mock- 
challenged with ethanol vehicle. Inhibition of PGE2 synthesis by test 
compounds is calculated as a percentage of the activity in the presence of 
5 drug versus the activity in the positive control samples. 

Assay of QOX'l Actiiyity frpm V937 c^l\ miicrpspmes 

U 937 cells are pelleted by centrifugation at 500 x g for 5 rnm 

10 and washed once with phosphate-buffered saline and repelleted. Cells 
are resuspended in homogenization buffer consisting of 0.1 M Tris-HCl, 
pH 7.4, 10 mM EDTA, 2 ^g/ml leupeptin, 2 )ig/ml soybean trypsin 
inhibitor, 2 p.g/ml aprotinin and 1 mM phenyl methyl sulfonyl fluoride. 
The cell suspension is sonicated 4 times for 10 sec and is centirifuged at 

15 10,000 X g for 10 min at 4'' C. The supernatant is centriiuged at 100,000 x 
g for 1 hr at 4^ C. The 100,000 x g microsomal pellet is resuspended in 
0.1 M Tris-HCl, pH 7.4, 10 mM EDTA to approximately 7 mg protein/ml 
and stored at -SO*" C. 

Microsomal preparations are thawed immediately prior to 

20 use, subjected to a brief sonication, and then diluted to a protein 

concentration of 125 p,g/ml in 0.1 M Tris-HCl buffer, pH 7.4 containing 10 
mM EDTA, 0.5 mM phenol, 1 mM reduced glutathione and 1 ^M 
hematin. Assays are performed in duplicate in a final volume of 250 |xl. 
Initially, 5 ^1 of DMSO vehicle or drug in DMSO are added to 20 nl of 0.1 

25 M Tris-HCl buffer, pH 7.4 containing 10 mM EDTA in wells of a 96- 

deepwell polypropylene titre plate. 200 ^1 of the microsomal preparation 
are then added and pre-incubated for 15 min at room temperature before 
addition of 25 ^1 of 1 M arachidonic acid in 0.1 M Tris-HCl and 10 mM 
EDTA, pH 7.4. Samples are incubated for 40 min at room temperature 

30 and the reaction is stopped by the addition of 25 ^1 of 1 N HCl. Samples 
are neutralized with 25 ^1 of 1 N NaOH prior to quantitation of PGE2 

content by radioinmiunoassay (Dupont-NEN or Amersham assay kits). 
Cyclooxygenase activity is defined as the difference between PGE2 levels 
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in samples incubated in the presence of arachidonic acid and ethanol 
vehicle. 

Ass^Y pf the ^gtivity of pmfi94 hvmm QOX-Z 
5 The enzyme activity is measured using a chromogenic 

assay based on the oxidation of N^^,N'-tetramethyl-p- 
phenylenediamine (TMPD) during the reduction of PGG2 to PGH2 by 

COX-2 (Copeland et al. (1994) Proc. Natl. Acad. Sd. 91, 11202-11206). 

Recombinant human COX-2 is purified firom Sf9 cells as 

10 previously described (Percival et al (1994) Arch. Biochem. Biophys. 15, 
111-118). The assay mixture (180 (iL) contains 100 mM sodium 
phosphate, pH 6.5, 2 mM genapol X-100, 1 hematin, 1 mg/ml gelatin 
, 80-100 units of purified enzyme (One unit of enzyme is defined as the 
amount of enz3ane required to produce an O.D. change of 0.001/min at 

15 610 nm) and 4 fiL of the test compound in DMSO. The mixture is pre- 
incubated at room temperature (22^C) for 15 minutes prior to initiation of 
the enzymatic reaction by the addition of 20 |iL of a sonicated solution of 1 
mM arachidonic acid (AA) and 1 mM TMPD in assay buffer (without 
enzyme or hematin). The enzymatic activity is measured by estimation 

20 of the initial velocity of TMPD oxidation over the first 36 sec of the 

reaction. A non-specific rate of oxidation is observed in the absence of 
enzyme (0.007 - 0,010 O.D. /min) and is subtracted before the calculation 
of the % inhibition. IC50 V5Jues are derived fi-om 4-parameter least 

squares non-linear regression analysis of the log-dose vs % inhibition 
25 plot, 

HTJMA^^ WHOLE PLOQD ASgAY 
Rationale 

30 Human whole blood provides a protein and cell-rich milieu 

appropriate for the study of biochemical efficacy of anti-inflammatory 
compounds such as selective COX-2 inhibitors. Studies have shown that 
normal human blood does not contain the COX-2 enzyme. This is 
consistent with the observation that COX-2 inhibitors have no effect on 

35 PGE2 production in normal blood. These inhibitors are active only after 
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incubation of human whole blood with LPS, which induces COX-2. This 
assay can be used to evaluate the inhibitoiy effect of selective COX-2 
inhibitors on PGE2 production. As well, platelets in whole blood contain 

a large amount of the COX-1 enzyme. Immediately following blood 
5 clotting, platelets are activated through a thrombin>mediated 

mechanism. This reaction results in the production of thromboxane B2 
(TzB2) via activation of COX-1. Thus, the effect of test compounds on 
TxB2 levels following blood clotting can be examined and used as an 
index for COX-1 activity. Therrfore, the degree of selectivity the test 
10 compound can be determined by measuring the levels of PGE2 after LPS 
induction (COX-2) and TxB2 following blood clotting (COX-1) in the same 
assay. 

15 A. CQX.2 fLPS-i nduced PGEo production) 

Fresh blood is collected in heparinized tubes by 
venipuncture from both male and female volunteers. The subjects have 
no apparent inflammatory conditions and have not taken any NSAIDs 
for at least 7 days prior to blood collection. Plasma is immediately 

20 obtained from a 2mL blood aliquot to use as blank (basal levels of PGE2). 
The remaining blood is incubated with LPS (100 jig/ml final 
concentration, Sigma Chem, #L-2630 from E. coli; diluted in 0.1% BSA 
(Phosphate buffered saline) for 6 minutes at room temperature. Five 
hundred \iL ahquots of blood are incubated with either 2^L of vehicle 

25 (DMSO) or 2nL of a test compound at final concentrations varying from 
lOnM to 30^M for 24 hours at 370C. At the end of the incubation, the 
blood is centrifuged at 12,000 x g for 5 minutes to obtain plasma. A lOOfiL 
aliquot of plasma is mixed with 400pL of methanol for protein 
precipitation. The supernatant is obtained and is assayed for PGE2 

30 using a radioimmunoassay kit (Amersham, RPA#530) after conversion 
of PGE2 to its methyl oximate derivative according to the manufacturer's 
proced;ire. 

B. COX-1 (Clotting-induced Tic Bo production) 
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Fresh blood is collected into vacutainers containing no 
anticoagulants, Aliquots of SOOjiL are immediately transferred to 
siliconized microcentrifuge tubes preloaded with 2jiL of either DMSO or 
a test compound at final concentrations varying from lOnM to 30^M. 
5 The tubes are vortexed and incubated at 37^C for 1 hour to allow blood to 
clot. At the end of incubation, serum is obtained by centrifiigation 
(12,000 X g for 5 min.). A lOO^L aliquot of serum is mixed with 400fiL of 
methanol for protein precipitation. The supernatant is obtained and is 
assayed for TxB2 using a enzyme immunoassay kit (Cayman, #519031) 
10 according to the manufacturer's instruction. 

BAT PAW gPgMA AgSAY 
PrQtQppl 

15 Male Sprague-Dawley rats (150-200 g) are fasted overnight 

and are given, po, either vehicle (1% methocel or 5% Tween 80) or a test 
compound. One hr later, a line is drawn using a permanent marker at 
the level above the ankle in one hind paw to define the area of the paw to 
be monitored. The paw volume (Vq) is measured using a 

20 plethysmometer (Ugo-Basile, Italy) based on the principle of water 

displacement. The animals are then injected subplantarly with 50 ml of 
1% carrageenan solution in saline (FMC Corp, Maine) into the paw 
using an insulin syringe with a 25-gauge needle (i.e. 500 mg 
carrageenan per paw). Three hr later, the paw volume (V3) is 

25 measured and the increases in paw volume (V3 • Vq) are calculated. 
The animals are sacrificed by CO2 asphyxiation and the absence or 
presence of stomach lesions scored. Data is compared with the vehicle- 
control values and percent inhibition calculated. All treatment groups 
are coded to eliminate observer bias. 

30 

LPS-Induced Pvrexia in Conscious Rats 

Male Sprague-Dawley rats (150 - 200 g) were fasted for 16 - 18 
h before use. At approximately 9:30 a.m., the animals were placed 
35 temporarily in plexiglass restrainers and their baseline rectal 
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temperature was recorded using a flexible temperature probe (YSI 
series 400) connected to a digital thermometer (Model 08502, Cole 
Parmer). The same probe and thermometer were used for all animals to 
reduce experimental error. The animals were returned to their cages 

5 after the temperature measurements. At time zero, the rats were 
injected intraperitoneally with either saline or LPS (2 mg/kg, Sigma 
Chem) and the rectal temperatiu*e was remeasured at 5, 6 and 7 h 
following LPS ixy*ection. After the measurement at 5 h, when the 
increase in temperatiure had reached a plateau, the LPS-injected rats 

10 were given either the vehicle (1% methocel) or a test compound orally to 
determine whether the compound could reverse the pyrexia. Percent 
reversal of the pyrexia was calculated using the rectal temperature 
obtained at 7 h in the control (vehicle-treated) group as the reference 
(zero reversal) point. Complete reversal of pyrexia to the pre-LPS 

15 baseline value is taken as 100%. 

LPS'Induced Pvrexia in Conscious Souirrel Monkevs 

Temperature probes were surgically implanted under the 
20 abdominal skin in a group of squirrel monkeys iSaimiri sciureus) (1.0 - 
1.7 kg). This allows for the monitoring of body temperature in conscious, 
unrestrained monkeys by a telemetric sensing system (Data Sciences 
International, Mixmesota). The animals were fasted and were placed in 
individual cages for acclimatization 13 - 14 h before use. Electronic 
25 receivers were installed on the side of the cages which pick up signals 
from the implanted temperature probes. At approximately 9:00 a.m. on 
the day of the experiment, the monkeys were restrained temporarily in 
training chairs and were given a bolus LV. izq*ection of LPS, (6 mg/kg, 
dissolved in sterile saline). The animals were returned to their cages 
30 and body temperature was recorded continuously every 5 min. Two h 
after injection of LPS, when the body temperature had increased by 1.5 - 
2ooC, the monkeys were dosed orally with either vehicle (1% methocel) or 
a test compound (3 mg/kg). One hundred minutes later, the difference 
" between the body temperature and the baseline value was determined. 
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5 



25 



Percent inhibition was calculated taking the value in the control group 
as 0% inhibition. 

Acytg Inflammatory Hyperalgesia Induced bv CarrayeeT^an in Rata 



Experiments were performed using male Sprague Dawley 
rats (90-1 lOg), Hyperalgesia to mechanical compression of the hind paw 
was induced by intraplantar injection of carrageenan (4.5 mg into one 
hind paw) 3 h previoxisly. Control animals received an equivalent 
10 volume of saline (0.15 ml intraplantar). A test compound (0.3-30 mg/kg, 
suspended in 0,5% methocel in distilled water) or vehicle (0.5% 
methocel) was administered orally (2ml/kg) 2 h after carrageenan. The 
yocalisation response to compression of the hind paw was measured 1 h 
later using a Ugo Basile algesiometer. 

15 

Statistical analysis for carrageenan-induced hyperalgesia 
was performed using one-way ANOVA (BMDP Statistical Software 
Inc.). Hyperalgesia was determined by subtracting the vocalisation 
threshold in saline injected rats from that obtained in animals injected 
20 with carrageenan. Hyperalgesia scores for drug-treated rats were 
expressed as a percentage of this response. ID50 values (the dose 

producing 50% of the maximuzn observed response) were then 
calculated by nonlinear least squares regression analysis of mean data 
using GraFit (Erithacus Software). 



Adiuvant-Induced Arthritis in Rata 



Seventy, 6.5-7.5 week old, female Lewis rats (body weight 
-146-170 g) were weighed, ear marked, and assigned to groups (a 

30 negative control group in which arthritis was not induced, a vehicle 
control group, a positive control group administered indomethadn at a 
total daily dose of 1 mg/kg and four groups administered with a test 
compound at total daily doses of 0.10-3.0 mg/kg) such that the body 
weights were equivalent within each group. Six groups of 10 rats each 

35 were injected into a hind paw with 0.5 mg of Mycobacterium butyricum 
in 0.1 ml of light mineral oil (adjuvant), and a negative control group of 
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10 rats was not iiqected with adjuvant. Body weights, contralateral paw 
volumes (determined by mercury displacement plethysmography) and 
lateral radiographs (obtained under Ketamine and Xylazine anesthesia) 
were determined before (day -1) and 21 days following adjuvant injection, 
5 and primary paw volumes were determined before (day -1) and on days 4 
and 21 following adjuvant iiyection. The rats were anesthetized with an 
intramuscular iiyection of 0.03 - 0.1 ml of a combination of Ketamine (87 
mg/kg) and Xylazine (13 mg/kg) for radiographs and injection of 
adjuvant. The radiographs were made of both hind paws on day 0 and 

10 day 21 using the Faadtron (45 kVp, 30 seconds) and Kodak X-OMAT TL 
film, and were developed in an automatic processor. Radiographs were 
evaluated for changes in the soft and hard tissues by an investigator who 
was blinded to experimental treatment. The following radiographic 
changes were graded numerically according to severity: increased soft 

15 issue volume (0-4), narrowing or widening of joint spaces (0-5) 
subchondral erosion (0-3), periosteal reaction (0-4), osteolysis (0-4) 
subluxation (0-3), and degenerative joint changes (0-3). Specific criteria 
were used to establish the numerical grade of severity for each 
radiographic change. The maximum possible score per foot was 26. A 

20 test compound at total daily doses of 0.1, 0.3, 1, and 3 mg/kg/day, 
Indomethacin at a total daily dose of 1 mg/kg/day, or vehicle (0.5% 
methocel in sterile water) were administered per os b.i.d. beginning post 
injection of adjuvant and continTiing for 21 days. The compounds were 
prepared weekly, refiigerated in the dark until used, and vortex mixed 

25 immediately prior to administration. 

Two-factor ('treatment' and 'time') analysis of variance 
with repeated measures on time' were applied to the % changes for body 
weight and foot volumes and to the rank-transformed radiographic total 
scores. A post hoe Dunnett's test was conducted to compare the effect of 

SO treatments to v^de. A one-way analysis of variance was applied to the 
thymic and spleen weights followed by the Dunnett's test to compare the 
efifect of treatments to vehicle. Dose-response curves for % inhibition in 
• foot volumes on days 4, 14 and 21 were fitted by a 4-parameter logistic 
function using a nonlinear least squares' regression. ID50 was defined 
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as the dose corresponding to a 50% reduction from the vehicle and was 
derived by interpolation from the fitted 4-parameter equation. 

PHARMACOKINETICS TN RATfi 

Per Os Pharmacokineti cs in Rats 
PROCEDURE: 

The animals are housed, fed and cared for according to the 
Guidelines of the Canadian Council on Animal Care. 

Male Sprague Dawley rats (325-375 g) are fasted overnight prior to 
each PO blood level study. 



10 



15 



The rats are placed in the restrainer one at a time and the box 
firmly secured. The zero blood sample is obtained by nicking a 
small (1 mm or less) piece off the tip of the tail. The tail is then 
stroked with a firm but gentle motion from the top to the bottom to 
20 milk out the blood. Approximately 1 mL of blood is collected into a 

heparinized vacutainer tube. 

Compounds are prepared as reqxiired, in a standard dosing volume of 
lOmL/kg, and administered orally by passing a 16 gauge, 3" gavaging 
25 needle into the stomach. 

Subsequent bleeds are taken in the same manner as the zero bleed except 
that there is no need to nick the tail again. The tail is cleaned with a 
piece of gauze and milked/stroked as described above into the 
30 appropriately labelled tubes. 

Immediately after sampling, blood is centrifiiged, separated, put into 
clearly marked vials and stored in a freezer until analysed. 

35 Typical time points for determination of rat blood levels after PO dosing 
are: 

0, ISmin, 30min, Ih, 2h, 4h, 6h 

After the 4 hr time point bleed, food is provided to the rats ad libitum. 
40 "WeAer is provided at all times during the study. 
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Vehicles: 

Hie following vehicles may be used in PO rat blood level determinations: 

5 

PEG 200/300/400: restricted to 2 mL/kg 
Methocel 0.5% • 1.0%: lOmL/kg 
Tween 80: lOmlAg 

10 Compounds for PO blood levels can be in suspension form. For better 
dissolution, the solution can be placed in a sonicator for approximately 5 
minutes. 

For analysis, aliquots are diluted with an equal volume of acetonitrile 
15 and centrifuged to remove protein precipitate. The supernatant is 
injected directly onto a C-18 HPLC colunm with UV detection. 
Quantitation is done relative to a clean blood sample spiked with a 
known quantity of drug. Bioavailability (F) is assessed by comparing 
area under the curve (AUG) i.v. versus p.o. 

20 

F = AUCpq X DQSESs x 100% 
AUav DOSEpo 

Clearance rates are calculated from the following relation: 

CL := DOSEivfmp/k^) 
AUCiv 

The units of CL are ml/h^kg (milliliters per hour kilogram) 
Intravenous Pharmacokinetics in Rats 
PROCEDURE: 

35 The animals are housed, fed and cared for according to the Guidelines of 
the Canadian Council on Animal Care. 

Male Sprague Dawley (325-375 g) rats are placed in plastic ^oe box 
cages with a suspended floor, cage top, water bottie and food. 



25 



30 
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The compound is prepared as req\iired, in a standard dosing volume of 1 
mL/kg. 

5 Rats are bled for the zero blood sample and dosed under CO2 sedation. 
The rats, one at a time, are placed in a primed CO2 chamber and taken 
out as soon as they have lost their righting reflex. The rat is then placed 
on a restraining board, a nose cone with CO2 delivery is placed over the 
muzzle and the rat restrained to the board with elastics. With the use of 
10 forceps and scissors, the jugular vein is exposed and the zero sample 
taken, followed by a measured dose of compound which is injected into 
the jugular vein, light digitad pressure is applied to the injection site, 
and the nose cone is removed. The time is noted. This constitutes the 
zero time point. 

15 

The 5 min bleed is taken by nicking a piece (1-2 mm) off the tip of the tail. 
The tail is then stroked with a firm but gentle motion from the top of the 
tail to the bottom to milk the blood out of the tail. Approximately 1 mL of 
blood is collected into a heparinized collection vial. Subsequent bleeds 
20 are taken in the same fashion, except that there is no need to nick the 
tail again. The tail is cleaned with a piece of gauze and bled, as 
described above, into the appropriate labelled tubes. 

Typical time points for determination of rat blood levels after I.V. dosing 
25 are either: 

0, 5 min, 15min, 30min, Ih, 2h, 6h 
or 0, 5 min, SOmin, Ih, 2h, 4h, 6h. 

Vehicleig: 

30 

The following vehicles may be used in IV rat blood level determinations: 

Dextrose: ImlAg 
Moleculosol 25%: ImL/kg 
35 DMSO (dimethylsulfoxide): Restricted to a dose volume of 0.1 mL per 
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PEG 200: Not more than 60% mixed with 40% sterile 

water - linlAg 

5 With Dextrose, either sodium bicarbonate or sodium carbonate can be 
added if the solution is cloudy. 

For analysis, aliquots are diluted with an equal volume of acetonitrile 
and centrifuged to remove protein precipitate. The supanatant is 
10 injected directly onto a C-18 HPLC column with UV detection. 

Quantitation is done relative to a clean blood sample spiked with a 
known quantity of drug. Bioavailability (F) is assessed by comparing 
area under the curve (AUG) i.v. versus p.o. 

15 F = AUCpQ X P OS P iv X 100% 

AUCiv DOSEpo 

Clearance rates are calculated from the following relation: 

20 CL = DQSEMmg/kg) 

AUCiv 

The units of CL are mL/h*kg (milliliters per hour kilogram) 
25 NSAID-INDUCED GASTRQP ATHY IN RATS 
Ratioyiale 

The major side effect of conventional NSAIDs is their ability 
to produce gastric lesions in man. This action is believed to be caused by 

30 inhibition of Cox-1 in the gastrointestinal tract. Rats are partioilarly 
sensitive to the actions of NSAIDs. In fact, rat models have been \ised 
commonly in the past to evalxiate the gastrointestinal side effects of 
current conventional NSAIDs. In the present assay, NSAID-induced 
gastrointestinal damage is observed by measuring fecal ^ICr excretion 

35 after systemic injection of 51Cr-labeled red blood cells. Fecal 51Cr 
excretion is a well-established and sensitive technique to detect 
gastrointestinal integrity in animals and man. 
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Male Sprague Dawley rats (150 * 200 g) are administered 
orally a test compound either once (acute dosing) or bi.d. for 5 days 

5 (chronic dosing). Immediately after the administration of the last dose, 
the rats are injected via a tail vein with 0.5 mL of ^^Cr-labeled red blood 
cells from a donor rat. The animals are placed individually in 
metabolism cages with food and water ad lib. Feces are collected for a 48 
h period and ^^Cr fecal excretion is calculated as a percent of total 

10 injected dose. ^^Cr-labeled red blood cells are prepared using the 

following procedures. Ten mL of blood is collected in heparinized tubes 
via the vena cava from a donor rat. Plasma is removed by centrifiigation 
and replenished with equal volume of HBSS. The red blood cells are 
incubated with 400 Ci of sodium bichromate for 30 min. at 37C. At the 

15 end of the incubation, the red blood cells are washed twice with 20 mL 
HBSS to remove free sodium bichromate. The red blood cells are finally 
reconstituted in 10 mL HBSS and 0.5 mL of the solution (about 20 Ci) is 
injected per rat. 

20 PROTEIN-LOSING GASTROPATHY IN S QUIRREL MONKEYS 
Rationale 

Protein-losing gastropathy (manifested as appearance of 
circulating cells and plasma proteins in the GI tract) is a significant 
25 and dose-limiting adverse response to standard non-steroidal anti- 
inflammatory drugs (NSAIDs). This can be quantitatively assessed by 
intravenous administration of ^ICrCls solution. This isotopic ion can 

avidly bind to cell and serum globins and cell endoplasmic reticulum. 
Measurement of radioactivity appearing in feces collected for 24 h after 
30 administration of the isotope thus provides a sensitive and quantitative 
index of protein-losing gastropathy. 

Groups of male squirrel monkeys (0.8 to 1.4 kg) are treated 
35 by gavage with either 1% methocell or 5% Tween 80 in H2O vehicles, 
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(SmL/kg bi.d.) or test compounds at doses from 1 - 100 mg/kg b.i.d. for 5 
days. Intravenous 51Cr (5Ci/kg in 1 ml/kg phosphate buffer saline 
(PBS)) is administered 1 h after the last drugArehicle dose, and feces 
collected for 24 h in a metabolism cage and assessed for excreted ^^Cr by 
5 gamma-counting. Venous blood is sampled 1 h and 8 h after the last 
drug dose, and plasma concentrations of drug measured by RP-HPLC. 

Representative Biological Data 

10 Compounds of the present invention are inhibitors of 

cyclooxygenase-2 and are thereby useftd in the treatment of 
cyclooxygenase-2 mediated diseases as enumerated above. The activities 
of the compoimds against cyclooxygenase may be seen in the 
representative results shown below. In the assay, inhibition is 

15 determined by measuring the amount of prostaglandin E2 (PGE2) 
synthesized in the presence of arachidonic acid, cyclooxygenase-1 or 
cyclooxygenase-2 and a putative inhibitor. The IC50 values represent the 
concentration of putative inhibitor required to return PGE2 synthesis to 
50% of that obtained as compared to the uninhibited control. 

20 The results for certain of the biological assays may be seen 

in Table H. 



25 


Example 


COX-2 (IC50 mM) 


COX-1 (IC50 mM) 






CHO 


HWB 


U.937 HWR 




2 


0.02 


1.3 


1-3 




4 


0.15 


0.8 


>100 


30 


5 


0.11 


3.6 


>100 




6 


0.03 


<0.4 


3-10 




7 


0.13 


1.0 


>10 




8 


0.19 


1.1 


>10 




9 


0.07 


1.6 


>10 


35 


U 


0.09 


1.6 


10 




12 


0.05 


1.3 


>10 
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13 


0.01 


1.5 


ID 




16 


0.43 


0.6 


>10 




17 


0.38 


<0.4 


>10 


>100 


IB 


0.08 


0.4 


>10 




19 


0.32 


0.5 


>10 




20 


0.40 


1.6 


>10 




21 


0.20 


4.7 


>10 


>100 


23 


0.05 


0.5 


>10 


^inn 

^xuu 


24 


0.07 


15 


!^10 




25 


0.06 


36 


^10 




2B 


0.04 


11^ 




^inn 
^xuu 


29 


037 


63 






30 


0 06 


07 






31 


0 08 


13 


5?7 

Of 


>xuu 


32 


0 76 


1 1 




>xuu 


33 


004 


37 


in 




34 


0,10 


17 






35 




07 


x**o 




36 


0 17 


31 


^xu 




37 


0 57 


65 


^Xv 




38 


0.26 


59 


3-10 




39 


0 20 


13 4 


^in 
>xu 




40 


020 


39 


in 




41 


004 


04 


•sin 

^Xw 




43 


068 


07 


^Lin 
o*xu 




44 


004 


15 


^in 

^xu 




45 


001 


09 


^10 




46 


0 01 


07 


1-3 
x^ 




47 


0 09 


n A 
u.o 


o-lU 




48 


0.07 


1.1 


1-3 




49 


0.16 


1.2 


0.3 




50 


0.05 


0.5 


1-3 




51 


0.01 


0.8 


1-3 


10 



35 
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The iBvention will now be illustrated by the foUowing non-limiting 
examples in which, unless stated otherwise: 

(i) all operations were carried out at room or ambient 

5 temperature, that is, at a temperature in the range 18-25''C; 

(ii) evaporation of solvent was caxried out using a rotary 
evaporator imder reduced pressure (600-4000 pascals: 4.5*30 
mm Hg) with a bath temperature of up to BO^^C; 

(iii) the course of reactions was followed by thin layer 

10 chromatography (TLC) and reaction times are given for 

illxistration only; 

(iv) melting points are xmcorrected and "d' indicates 
decomposition; the melting points given are those obtained 
for the materials prepared as described; polymorphism may 

15 result in isolation of materials with different melting points 

in some preparations; 

(v) the structure and purity of all final products were assured 
by at least one of the following techniques: TLC, mass 
spectrometry, nuclear magnetic resonance (NMR) 

20 spectrometry or microanalyticai data; 

(vi) yields are given for illustration only; 

(vii) when given, NMR data is in the form of delta (d) values for 
major diagnostic protons, given in parts per million (ppm) 
relative to tetramethylsilane (TMS) as internal standard, 

25 detennined at 300 MHz or 400 MHz using the indicated 

solvent; conventional abbreviations used for signal shape 
are: s. singlet; d. doublet; t. triplet; m. multiplet; br. broad; 
etc.: in addition "Ar" signifies an aromatic signal; 

(viii) chemical symbols have their usual meanings; the foUowing 
30 abbreviations have also been used v (volume), w (weight), 

b.p. (boiling point), m.p. (melting point), L (liteKs)), mL 
(milliliters), g (gram(s)), mg (milligrams(s)), mol (moles), 
mmol (millimoles), eq (equivalent(s)), r.t.(room 
temperature), h (hour(s)), min (minute(s)). 

35 
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EXAMPLE 1 

g-(2-HvdTQXY)ethoxv-3-(4.methvlsulfonvnphenv1.S. 
trifluoromethvlpyriHinft 

5 

Stepl: 2-Ammo-3-broino-5-trifluoromethvlpvri<qiT^ft 

To a solution of 2-azmno-5-tri£luoroinethylpyridme (9 g) in 
acetic acid (75 mL) at r.t. was added bromine (5.8 mL) slowly. After 1 h, 
the add was neutralized by the careful addition of sodium hydroxide (10 
10 N)atO<*C. The resulting orange precipitate was dissolved in ether and 
washed successively with saturated potassium carbonate, saturated 
Na2S03 and brine, dried and concentrated. The residual solid was 
stirred vigorously in hexane for 1 h to provide, after filtration, the title 
c(mipound as a white solid (10.2 g). 

15 

Step 2: 2-Amino-3-(4-methvlthio)phenvl-.'i-trif1ii oromethvlpvridine 
A mixture of the bromide firom Step 1, 4-methylthiobenzaie 
boronic acid (Li, et. al. J. Med. Chem. 1995, 38, 4570) (8.5 g), 2M aqueous 
sodium carbonate (60 mL) and palladiiun tetrakis(triphenylphosphine) 
20 (490 mg) in ethanol/benzene (100 mL, 1:1) was heated at reflux for 15 h. 
The mixture was cooled to r.t., diluted with water and extracted with 
ether. The organics were concentrated and the residue was subjected to 
stirred vigorously in ether/hexane for 1 h to provide, after filtration, the 
title compound (11.2 g) as a beige solid. 

25 

Step 3: 2-Amino-3-(4-methvlaulfonvnnbftnvl- 5-trifliioromethvl. 

A mixture of 2-amino-3-(4-methylthio)phenyl-5-trifluoro- 
methylpyridine (9.7 g), Os04 (2 mL of a 4% solution in water) and NMO 

30 (13 g) in acetone/water (60 mL:5 mL) was stirred at r.t. overnight. 

Saturated aqueous Na2S03 was then added and the resulting mixture 
was stirred for 30 min. The acetone was evaporated and the resulting 
mixture was extracted with ether and ethyl acetate. The combined 
organics were washed with Na2S03, water, brine and then 

35 concentrated. The solid residue was stirred vigorously in hexane and 
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ether for 1 h and then filtered to provide the title compound as a pale 
ydlow solid (9.9 g). 

Step 4: 2-Chloro-3-(4.methvlsulfonvnDhenvl.S.trifl uQroinethvl- 

5 pyridine 

To a solution of 2-amino>3-(4-meth7lsttIfonyl)phenyl-5- 
trifluoromethylpyridine (1.2 g) in water/concentrated HCl (9.5 mL:l mL) 
at 0*C was added a solution of sodium nitrite (262 mg) in 5 mL water. 
The mixture was warmed to r.t. and stirred ovmiight. An additional 30 

10 mg of sodium nitrite was added and after 3 h the heterogeneoiu mixture 
was filtered. A portion of the solid (250 mg) and POCI3 (110 mL) in DMF 
(2 mL) was heated at 70'C for 60 h. The mixture was cooled to r.t., 
diluted with water and extracted with ethyl acetate. The organics were 
washed with brine, dried and concentrated to provide the title compoimd 

15 as a pale yellow solid (270 mg) that was used as such in the subsequent 
reaction. 

Step 5: 2-(2-HYdroxv)ethoxv-3-(4-methvl8ulfQnv npheTivl-5. 
trifluoromethylpyridine 

20 

To a solution of ethylene glycol (560 mL) in DMF (5 mL) at 
room temperature was added potassium f-butoxide (5 mL of a IM 
solution in THF). After 5 minutes, 2-chloro-3-(4-methylsulfonyl)phenyl- 
5-trifluoromethylpyridine (335 mg) was added as a solid and the 

25 resulting mixture was stirred until tic analysis indicated completion of 
the reaction (15 h). To the mixture was added saturated NH4CI and the 
mixture was extracted with ethyl acetate. The organics were dried 
(MgS04) and concentrated. Flash chromatography or stirring the 
residual material vigorously in a suitable solvent (such as ether or ethyl 

30 acetate) provided the title compound as a white solid (250 mg), m.p. 138- 
139.5*'C. 

EXAMPLE2 
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2-(2-MethoTvVthmry-3-(4-methvlsulfonvnphenv1-S- 
trifluoromethvlpvriHiTift 

Following the procedures described in Example 1, but 
substituting 2-methozyethanol for ethylene glycol, the title compound 
5 was obtained as a white solid. 

Elemental Analysis: Calculated: C, 51.2; H, 4.3; N, 3.73 

Found: C, 50.75; H,4.31; N,3.71 

EXAMPLES 

10 

2-(2-HvdrOTV-l-propvloxvV3-(4-methvlsiilfonvl)pheTivUS- 
trifluoromethvlpvriHiTifl 

Step 1: 2-(2-Hvdroxv-l-prQPvloyvV3-f4-me thvlsulfonv1'>phenvl-5- 
15 trifluoromethvlpvridin e and 2-f3-HvdrQ7cv-2-propvloTv)-3-f4- 

methvlsulfonvDphenvl-S-trifluornm ethvlpvridine 
Following the procedures described in Example 1, but 
substituting 1,2-propanediol for ethylene glycol, the title compounds 
were obtained (520 mg) as a mixture of products after column 
20 chromatography (7:3:2 to 1:1:2 hexane/ethyl acetate/CH2Cl2) and 
stirring vigorously in hexane/ether. 



, Step2: 3-(4-MethvIsulfonvl)phenvl-2-(2-QTo-T- prQpvlQTvV5- 

triflworomethYbyridine 
25 A mixture of the compounds from Step 1 (500 mg), FCC (850 

mg) and Celite in CH2CI2 (15 xnL) was stirred at r.t. for 24 h. The 
mixture was poured onto a column of siUca gel and eluted with ether. 
The eluant was concentrated and stirred vigorously in hexane/ether. 
The title compound was obtained as a white solid (300 mg). 

30 

Step 3: 2-(2-Hvdroxv-l-prQPvlo3cvV3-(4-metb vIsulfonvl)phenvl-5- 

triflvpromethylpyTidinf 

To a solution of the ketone fi:om Step 2 (130 mg) in 
THF/ethanol (4:1) was added NaBH4 (excess). After 15 min, saturated 
35 NH4CI was added and the mixture extracted with ether. The organics 
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were dried and concentrated and the residual solid was stirred 
vigorously in hexane/ether. The title compoxmd was obtained as a white 
solid (120 mg). 

Elemental Analysis: Calculated: C, 51.2; H, 4.3; N, 3.73 
5 Found: C, 50.51; H,4.43; N,3.60 

EXAMPLE4 

2-(2-HvdroyY-2-methvl-l-propvlQxvV8-f4-methvl sulfonvnpheTivl-.'>- 
10 trifluoromethvlpvridine 

Step 1: 2-Methvl-1.2 .Dropanediol 

To a solution of ethyl 2-hydroxyisobutyrate (5 g) in THF (45 
mL) was added lithium aluminum, hydride (2.1 g). The mixture was 
15 stirred for 15 h and then sodium potassium tartarate salt solution was 
carefully added until a white suspension formed. The mixture was 
diluted with ether, filtered and the organics were concentrated. The title 
compound was obtained as a colorless oil that was used without further 
purification. 

20 

Step 2: 2-(2-HYdroxv-2-methvl-l-proiivloTvV3-f4- 

methvlsulfonvl)phenvl-5.trifliinrometbvlpvridinft 
Following the procedures described in Example 1, but 
substituting 2-methyl-l,2-propanediol fi-om Step 1 for ethylene glycol, the 
25 title compoxind was obtained as a white solid. 

Elemental Analysis: Calculated: C, 52.44; H, 4.66; N, 3.6 

Found: 0,52.45; H,4.62; N,3.53 

30 EXAMPLES 

5-Chloro-2-(2-bv droxv-2-methvl-l-propvlo3cv)-3-(4- 
methvlsulfonvDphenvIpvridiTiP. 

35 Stepl: 2-Amino-3-bromo-5.chIoropvridine 
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To a solution of 2-aniino-5-chloropyridine (10 g) in acetic 
add (75 mL) at r.t. was added bromine (2.6 mL) slowly. After 30 min, the 
add was neutralized by the careful addition of sodium hydroxide (10 N) 
at 0°G. The resulting orange predpitate was dissolved in ethyl acetate 
5 and washed successively with saturated potassium carbonate, saturated 
Na2S203 and brine, dried and concentrated. Flash chromatography 
(eluting with hezane/ethyl acetate, 3:1 v/v) of the residual solid provided 
the title compound as a pale yellow solid (14.8 g). 

10 Step 2: 2.5-Pichloro-3-(4-methvlsulfonvnph6nvlpirriHmP 

Following the procedures described in Example 1, Steps 2 to 
4, but substituting 2-amino-3-bromo-5-chloropyridine from Step 1 (5 g) for 
2-amino-3-bromo-5-trifluoromethylpyridine, the title compound was 
obtained as a white solid (5 g). 

15 

Step 3: 5-Chloro.2-f2-hvdroTV-2.methvl-l-prnpvWU?-f4- 

methvlsulfonvnphenvlTivridme 

Following the procedures described in Example 4, but 
substituting 2,5-dichloro-3-(4-methylsulfcnyl)phenylpyridine from Step 2 
20 for 2-chloro-3-(4-methylsulfonyl)phenyl-5-tri£luoromethylpyTidine, the 
title compound was obtained as a white solid. 

iH NMR (300 MHz, acetone-de): d 1.22 (s, 6H), 3.17 (s, 3H), 3.73 (s, IH), 
4.21 (8, 2H), 7.90 (d, IH), 8.00 (d, 2H), 8.02 (d, 2H), 8.20 (d, IH). 

25 EXAMPLES 

2-(2-Methoxv-2-methvl-l-propvloTvV3-f4.Tnpt>.v1 sulfonvnphenvl-5- 
trifluoromethvlpyriH^pp 

30 Step 1: 2.MethoTV.2-methv1.1-nrnpflTinl 

To a solution of isobuiylene oxide (1 g) in methanol (25 mL) 
at -78"C was added BF3»OEt2 (4.14 mL) and the resxilting mixture was 
stirred at -30*0 for 24 h. The solution was neutralized with aqueous 
sodium bicarbonate and extracted with ethyl acetate. The organics were 
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dried (MgS04) and concentrated. The crude material containing the 
title compound was used in the subsequent reaction. 

Step 2: 2-(2-Metho3cv-2-methvl-l-proT>vloxvV3-f4- 
5 methvlsuIfonvDphenvl-5-trifluoromethvlpvridine 

Following the procedures described in Example 1, but 

substituting 2-metho^-2-metiiyl-l-propanol from Step 1 for ethylene 

glycol, the title compound was obtained as a white solid. 

Elemental Analysis: Calculated: C, 53.59; H, 5.00; N, 3.47 
10 Found: C, 53.77; H,5.37; N,3.56 

EXAMPLE? 

2-(2-Hvdroxv-2-methvl-l-butvloxvV3-(4-methvlsulfonvnph6nvl-5. 

15 triflttororogthylpyridine • 

Step 1: 2-Methvl-1.2-butanediQl 

To ethylmagnesium bromide (18 mL of a 2.3 M solution in 
ether) at 0'*C was added acetol (1.5 znL) dropwise. The mixture was 
20 stirred at r.t. for 30 min and then saturated NH4CI and saturated brine 

were added. The mixture was extracted with ethyl acetate and the 
organics were concentrated. Kugelrohr distillation of the residue 
provided the title compound as a colorless oil. 

25 Step2: 2-(2.Hvdroxv-2-methvl.l-but vloxv)-3-(4- 

methvlsulfonvnphenvl-5-trifluoromethvlpvridine 
Following the procedures described in Example 1, but 
substituting 2-methyl-l,2-butanediol from Step 1 for ethylene glycol, the 
title compound was obtained as a white solid. 
30 Elemental Analysis: Calculated: C, 53.59; H, 5.0; N, 3.47 

Found: C, 53.21; H,4.97; N,3.40 

EXAMPLES 
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2-(2-HYdroxY-2-ethvl.l-butvloxv)-3.f4.methvl«ii1fnTivnpKaT».rT-fi. 
triflooromethvlpvridine 

Stepl: 2.Ettivl.1 2.hntflnftHin1 

5 To a mature of 2-ethyl-l-butene (2 xnL) and NM0«H20 (3.3 

g) in THF (50 mL) was added Os04 (300 mL of a 2% solution in water). 
After stirring at r.t. for 15 h, saturated aqueous Na2S205 was added and 
the resulting mixture was stirred for 30 min. Solid sodium chloride was 
added and the resulting mixture was extracted with ethyl acetate. The 
10 combined organics were washed with Na2S03, brine and tha:i 

concentrated. The title compound was obtained as a solid and used 
without further purification. 

Step 2: 2-(2.Hvdro3cv. 2.ethvl.l-butvlQ^V3-f4- 
15 methvlsulfonvnphenvl-5-trifluoro methvlpvridine 

Following the procedures described in Example 1, but 
substituting 2-ethyl-l,2-butanediol from Step 1 for ethylene glycol, the 
title compovmd was obtained as a white solid. 

Elemental Analysis: Calculated: C, 54.67; H, 5.31; N, 3.36 
20 Found: C, 54.47; H, 5.19; N,3.31 

EXAMPLES 

5-Chloro-2-(2-hvdroyv-2-ethvl.l.butvloxv).3-f4. 
25 methvlsulfonyDphenv lpyridine 

Following the procediires described in Example 5, but 

substituting 2-ethyl-l,2-butanediol from Example 8, Step 1 for 2-methyl- 

1,2-propanediol, the title compound was obtained as a white solid. 

Elemental Analysis: Calculated: C, 56.32; H, 5.78; N, 3.65 
30 Found: C, 54.37; H,5.84; N,3.71 

EXAMPLE 10 

2-f2-HYdroxv-2-phenvl-l-propvloxv)-3.f4-meth vlsulfonv1>phfir.vl-'>- 
35 trifluoromethvlpvridine 
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Following the procedures described in Example 1, but 
substituting 2-phenyl-l,2-propanediol for ethylene glycol, the title 
compound was obtained as a white solid. 

Elemental Analysis: Calculated: C, 58.63; H, 4.47; N, 3.1 
5 Pound: C, 58.43; H,4.33; N,3.22 

EXAMPLE 11 

2-(l-HYdrPxycYcloproPYl)methoxv-3-f4-met1ivTsii1 fonvnDhenvl..S. 
10 trifluoromethvlDvridine 

Step 1: (l-HvdroxvcvclopropvDmPthflnnl 

To a solution of 1-hydroxy-l-cyclopropanecarbosylic add (1 
g) in THF (10 mL) at O'C was added lithium aluminum hydride (15 mL 

15 of a 1 M solution in THF). The mixture was stirred for 1 h at room 

temperature and then 1 M sodium potassium tartarate salt solution was 
carefully added \mtil a white suspension formed. The mixture was 
diluted with ether, filtered and the organics were concentrated. 
Kugelrohr distillation of the residual material provided the title 

20 compound as a colorless oil. 

Step 2: 2-fl-HvdrorvcvclQpropv nmethQTv-3-f4. 

methvlsulfonvDphenvl-S-triflunrnmPt hvlpvridine 
Following the procedures described in Example 1, but 
25 substituting (l-hydro^cyclopropyl)methanol from Step 1 for ethylene 
glycol, the title compound was obtained as a white solid. 
Elemental Analysis: Calculated: C, 52.71; H,4.16; N,3.62 

Found: C, 52.51; H,4.19; N,3.54 

30 EXAMPLE 12 

2-(l-Hvdr0XYCVclobutvl)methoxv-3.f4-metTivlfiiil fonvl)phenvl.5. 
trifliinrnmftthvlpvridinft 

35 Stepl: fl.Hvdroxvmethvncvelobutannl 
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Following the procediires described in Example 8, Step 1, 
but substituting methylenecylcobuatane for 2-ethyl-l-butene, the title 
compound was obtained as an oil and used without further purification. 

5 Step 2: 2-(l-HvdroxvcvcIobutvl)methoxv-3-a.TnP t hvlsiilfoTivnphenvl. 
5-trifluoromethvlpvridinc 

Following the procedures described in Example 1, but 
substituting (l-hydro^anethyl)qrclobutanoi from Step 1 for ethylene 
glycol, the title compound was obtained as a white solid. 
10 Elemental Analysis: Calculiated: C, 53.86; H, 4.52; N, 3.49 

Found: C, 53.99; H,4.50; N,3.48 

EXAMPLE 13 

15 2-(l-Hvdroxvcvclopentvl)methoxv-3-(4-methvlsulfnTi vl)phenvl-'S- 
trifluoromethvlpvridine 

Step 1: (l-Hvdroxvmethvncvclopentann1 

Following the procedures described in Example 8, Step 1, 
20 but substituting methylenecylcopentane for 2-ethyl-l-butene, the title 
compound was obtained as an oil and used without further purification. 

Step 2: 2-(l-HvdroxvcvclQpentvnmethQTv-.<^.f4- 

methvlsulfonvnphenvl-.'^-triflunromethvlpvritlinft 
25 Following the procedures described in Example 1, but 

substituting (l-hydroxymetiiyl)cyclopentanol from Step 1 for ethylene 
glycol, the title compound was obtained as a white solid. 
Elemental Analysis: Calculated: C, 54.93; H, 4.85; N, 3.37 

Found: C, 55.15; H,4.76; N,3.36 



30 



EXAMPLE 14 

5-Chloro-2-fl-hvdroxvcvclopentvl )methoxv-3-f4. 
methvlsulfonvDphenvlpvridine 
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Following the procedures described in Example 1, but 
substituting (l-hydro3cymethyl)cyclopentanol from Example 13, Step 1 for 
ethylene glycol, the title compound was obtained as a white solid, m.p. 
im-S-llSX. 

5 

EXAMPLE 15 

g-(l-HYdroxYCVclQhexvl)methoxv-3-f4-metbvlsii1fnnvlv^«.T,^i.fi- 
trifluoromethvlpvritiinB 

10 

Step 1: (l-HvdroxvmethvDcvclohPirflnnI 

Following the procedures described in Example 8, Step 1, 
but substituting methylenecylcohexane for 2-ethyM-butene, the title 
compound was obtained as a solid and used without further purification. 

15 

Step 2: 2-fl-Hvdrnxvcvclohexvl )methoYv.a.r4. 

methvlsulfonvl)nhenvl-5-tri fluoromethvlDvridine 
Following the procedures described in Example 1, but 
substituting (l-hydroxymethyDcydohexanol from Step 1 for ethylene 
20 glycol, the title compound was obtained as a white solid. 

Elemental Analysis: Calculated: C, 55.94; H, 5.16; N, 3.26 

Found: 0,56.20; H,5.33; N,3.21 

EXAMPLE 16 

25 

?-((2S)-3-HvdrQXV-3-methvl-2-butvloxvV3-f4.Tni»tbv1«iil fQnvl)phenvl-.'>- 
trifluorometbvlpvriding 



Stepl: (S)-MethYl2-(3-(4-methvlsulfonvl)phftnv1-«>- 

30 trifluoromethvlpvridinvl.2-OTv>prnpflpr^^tft 

Following the procedures described in Example 1, but 
substituting (S)-methyl lactate for ethylene glycol, the title compound 
was obtained as a white solid. 
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Step 2: 2-((2SV3-HvH roxv-3-methv1-2-butvloyirVa-r^ 

methvlsTilfonvDphenvl-S-trifluoroTnfttTi vlpvriHinA 

To a solution of the ester from Step 1 (230 mg) in THF (6 mL) 

at r.t was added methyl magnesium bromide (800 mL of a 3 M solution 
5 in ether). After 1 h, saturated NH4CI was added and the mixture 

extracted with ether. The organics were dried and concentrated. Plash 

chromatography of the residual material (3:2 hezane/ethyl acetate) 

provided the title compoimd as a white solid. 

Elemental Analysis: Calculated: C, 53.59; H, 5.0; N, 3.47 
10 Found: C, 53.29; H,4.93; N,3.37 

EXAMPLE 17 

2-((2R)-3-HvdroyY-3-TnethYl-2-butvloxvV3-U-Tngth vlsulfonvnphpnv1..g;. 
15 trifluoromethvlpvridine 

Stepl: f2R)-3.Methv1- 2.3-butanedin] 

To metiiyl magnesium chloride (8 mL of a 3 M solution in 
THF) at r.t was added a solution of (R)-methyl lactate (500 mg) in THF (1 
20 mL). The mixture was refluxed for 30 min and then saturated NH4CI 
was added and tilie mixture extracted with ethyl acetate. The organics 
were concentrated and the residual material, containing the title 
compound, was used without farther purification in the next reaction. 

25 Step 2: 2-((2R)-3.Hvdroxv.3.methv1.2. butvWV..<^^A. 

methvlsulfonv])phenvl.5-trifl uoromethv1pvnMiTifl 
Following the procedures described in Example 1, but 
substituting (2R)-3-methyl-2,3-butanedioI from Step 1 for ethylene glycol, 
the title compound was obtained as a white solid, m.p. 129-130**C. 



30 



EXAMPLE 18 

5-Chloro-2-r(2RV3-Hvdrny y-3-Tnethv1.2-butvloxv).3^4. 
methvlsulfonvnphenvlpvp-^inft 
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Following the procedures described in Example 17, but 
substituting 2,5-dichloro-3-(4-methylsulfonyl)phenylpyridine from 
Example 5, Step 2 for 2-chloro-3^4-methylsulfonyl)phenyl-5- 
trifluoromethylpyridine, the title compound was obtained as a white 
5 solid. 

IH NMR (300 MHz, acetone-de): d 1.15 (s, 3H), 1.16 (s, 3H), 1.28 (d, 3H), 
3.16 (s, 3H), 3.52 (s, IH), 5.21 (q, IH), 7.86 (d, IH), 7.96 (d, 2H), 7.99 (d, 2H), 
8.18 (d,lH). 

10 EXAMPLE 19 

2-(4-Hvdroxv-4-methvl-3-nentvlmnyV.<t-a-TTii> thvlsulfnnv1V^KftTivl-.'w 
trifluoromethylpyridine 

15 stepi: 2-Methyl-g.3-pentenediQl 

To methyl magnesium bromide (10 mL of a 3 M solution in 
ether) at r.t. was added a solution of methyl 3-hydroxybutyrate (600 mg) 
in THE (10 mL). After 1 h, saturated NH4CI was added and tiie mixture 
extracted with ether. The organics were dried and concentrated. Flash 
20 chromatography of the residxial material (7:3 hexane/ethyl acetate) 
provided the title compound as an oil. 

Step 2: 2-(4-Hvdrox v.4-methvl-3-pentvWV3.(4- 

methvlsulfonvl)phenvl-5-trifluoromethvlpvridiTie 
25 Following the procedures described in Example 1, but 

substituting 2-methyl-2,3-pentanediol from Step 1 for ethylene glycol, the 
title compoimd was obtained as a white solid. 

Elemental Analysis: Calculated: C, 54;67; H, 5.31; N, 3.36 

Found: 0,54.40; H,5.45; N,3.27 

30 

EXAMPLE 20 

2-(f2SV3-Ethvl-3-hvdroxv-2-pentvloxv)-3^4.methv1s ulfonylVhenyl-5- 

triflypromethylpyridine 

35 
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Stepl: (2S)-3-Ethvl-2.3-pentanediol 

Following the procedures described in Example 17, but 
substituting (S)-methyl lactate for (R)-methyl lactate and ethyl 
magnesitun bromide for methyl magnesium chloride, the title 
5 compound was obtained as an oil that was used without further 
purification. 

Step 2: 2^f2SV3-Ethv l-3.hvdroTv-2-pentvloTvV3^4. 

methvlsulfonv1)T>henvl-5-trifliioromethvlpvriMinA 
10 Following the procedures described in Example 1, but 

substituting (2S)-3-ethyl-2,3-pentanediol from Step 1 for ethylene glycol, 
the title compoimd was obtained as a white solid, m.p. SO-Sl'C. 

EXAMPLE 21 

15 

2-f(2R)-3-EthvI-3-hvdroxv.2-pentvlQxv)-3.f4-Tnetbvl sulfonvnphenv1.S- 
trifluoromethvlpvridine 

Following the procedures described in Example 17, but 
substituting ethyl magnesiimi bromide for methyl magnesium chloride, 
20 the title compound was obtained as a white solid, m.p. 87-89*'C. 

EXAMPLE 22 

2-(l-(l-HYdrPXYCYclopentvl)ethoxv).3-f4-methv Tsulfonvl)pheTivl.S. 
25 trifluoromethvlpvridine 

Step 1: l-(l-HvdroxvethvlVcvclopentflnftl 

To sodium hydride (1.16 g washed with pentane) was added 
DMSO (42 mL) and the mixture was heated carefully to 80°C. After 45 
30 min, the mixture was cooled to O^C and txiphenylphosphoniumethyl 
bromide (11.3 g) in DMSO (30 mL) was added. The mixture was stirred 
at r.t. for 10 min and then cydopratanone (2.45 mL) was added. After 30 
min, ethylenecyciopentane was distilled Grom the reaction mixture. 
Dihydroxylation of this alkene was accomplished following tbe 
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procedures described in Example 8, Step 1, to provide the title compound 
as an oil that was used as such without further purification. 

Step 2: 2-(l-(l-HvdroxvcvclopentvnethoyvV3-f4- 
5 roethvlsulfonvnDhenvl-5-triflTinrnTnP thvIpvridinft 

Following the procedures described in Example 1, but 
substituting l-(l-hydroxyethyl)-cyclopentanol firom Step 1 for ethylene 
glycol, the title compound was obtained as a white solid, m.p. 100- 
100.5*C. 

10 

EXAMPLE 23 

2-((2R.3R)-3-Hvdroxv-2-butvlQicvV3-f4-metbv1sii1f nnvnphenvl-S- 
trifluoromethvlpvridine 

15 Following the procedures described in Example 1, but 

substituting (2R,3R)-2,3-butanediol for ethylene glycol, the title 
compound was obtained as a white solid. 

Elemental Analysis: Calculated: C, 52.44; H, 4.66; N, 3.6 

Found: C, 52.34; H,4.51; N,3.54 

20 

EXAMPLE 24 

5-ChlQ^o-2-((2R■3R)-3-hvdroxv-2-b^tvloTv)-.^.r4- 
methvlsulfonvDphenvlpvridine 
25 Following the procedures described in Example 23, but 

substituting 2,5-dichloro-3-(4-methylsulfonyl)phenylpyridine from 
Example 5, Step 2 for 2-chloro-3-(4-methylsulfonyl)phenyl-5- 
trifluoromethylpyridine, the title compound was obtained as a white 
solid. 

30 iH NMR (500 MHz, acetone-de): d 1.12 (d, 3H), 1.26 (d, 3H), 3.16 (s, 3H), 
3.78 (d, IH), 3.85-3.95 (m, IH), 5.21-5.30 (m, IH), 7.85 (d, IH), 7.96-8.01 (m, 
4H), 8.17 (d. IH). 

EXAMPLE 25 

35 
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2.((2R.3S)-3-HvdrcHcv-2-biitvloxvV3-(4-methvlsiilfonvl)Dhenvl-5- 

To a solution of triphenylphosphine (2.5 g) and benzoic add 
(1 g) in THF (20 xnL) at 0°C was added 2-((2R,3R)-3-hydroxy-2-butylQzy)-3- 

5 (4-inethylsulfonyl)phenyl-5-trifluoromethylpyridine (Example 23) 
followed by the slow addition of a THF solution (5 mL) of diisopropyl 
azodicarbo^late (2 g). The mixture was wanned.to r.t. from 0'*C over 2 
h and then saturated sodium carbonate was added and the mixture 
extracted with ethyl acetate. The organics were filtered through a plug 

10 of siHca gel and the filtrate was concentrated. The crude benzoate ester 
was hydrolyzed by stirring in a mixture of methanol/NaOH (IN). After 
hydrolysis was complete, the mixture was extracted with ethyl acetate, 
the organics were dried and concentrated. Flash chromatography of the 
residue (8:2 hexane/ethyl acetate) followed by reciystallization 

15 (hexane/ethyl acetate) provided the title compound was obtained as a 
white solid. 

iH NMR (500 MHz, acetone-de): d 1.15 (d, 3H), 1.32 (d, 3H), 3.16 (s, 3H), 
3.84 (d, IH), 3.90-3.95 (m, IH), 5.36-5.38 (m, IH), 8.00-8.03 (m, 4H), 8.10 (d, 
IH), 8.50 (d, IH). 

20 

EXAMPLE 26 

2-f(2S.3S)-3-Hvdroxv-2-butvloxv)-3-(4-methvlsiilfonvl)phenvl-5- 
trifluoromethvlpvridine 
25 Following the procedures described in Example 1, but 

substituting (2S,3S)-2,3-butanediol for ethylene glycol, the titie compound 
was obtained as a white solid, m.p. 115.5-116.5''C 

EXAMPLE 27 

30 

2-(f2S.3R)-3-Hvdroxv.2-butvloxv)-3.f4-methvl8ulfonvl)phenvl-5- 
trifluoromethvlpvridine 

To a solution of triphenylphosphine (377 mg) and benzoic 
add (176 mg) in THF (5 mL) at -30°C was added 2-((2S,3S)-3-hydroxy-2- 
35 butyloxy)-3-(4-methylsulfonyl)phenyl-5-trifluoromethylpyridine 
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(Example 26) followed by the slow addition of a THF solution (1 mL) of 
diisopropyl azodicarboxylate (282 mL). The mixture was stirred at CC 
for 1 h and then saturated sodium carbonate was added and Hhe mixture 
extracted with ether. The organics were filtered through a plug of silica 
5 gel and the filtrate was concentrated. The crude benzoate ester was 
hydrolyzed by stirring in a mixture of THF/ethanol/water (10 mL, 1:1:1) 
in the presence of LiOH(3N). After hydrolysis was complete, the 
mixture was extracted with ethyl acetate, the organics were dried and 
concentrated. The residual solid was stirred vigorously in etha- and the 
10 title compound was obtained as a white solid, m.p. 125-125.5'C. 

EXAMPLE 28 

2-((2R)-l-Hvdroxv-2-ProDvloxvV3-(4-mettivlg«l fonvl)t>hAnvl-.'>- 
15 trifluoromethvlpvridinft 

Stepl: fR).Methvl2.f3.(4.methvls»1Wlfahpnvl-S- 
trifluoromet>»v1pvridinvl-2. oyv)nrnpflnnaf.ft 
Following the procedtires described in Example 1, but 
20 substituting (R)-methyl lactate for ethylene glycol, the title compound 

was obtained as a white solid. 

Step 2: 2-((2R)-l-Hydroxv-2.proDvloTvV3-a.TT.Pthv1.Q» lfQnvnnhenvl. 
S-trifluoromethvlpyridine 

25 To a solution of the crude ester from Step 1 in THF at r.t was 

added DIBAL (15 eq). After 1 h, saturated NH4CI was added and the 
mixture extracted with ether. The organics were dried and 
concentrated. Flash chromatography of the residual material (3:2 
hexane/ethyl acetate) provided a mixture of the desired material and the 

30 corresponding aldehyde. This mixture was further reduced with 
sodium borohydride in methanol at room temperature. Following 
standard workup and flash chromatography (3:2 hexane/ethyl acetate), 
the title compound was obtained as a white solid. 
Elemental Analysis: Calculated: C, 51.20; H, 4.30; N, 3.73 

35 Found: C, 51.01; H,4.57; N,3.75 
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EXAMPLE 29 

2-(cis-2-Hvdro3cvcvelopentvloTvV3-f4-methvlsTilfimvnp^PTivl.S. 
5 trifluoromethvlpvriding 

Following the procedures described in Example 1, but 
substituting ci8-l,2-cyclopentanediol for ethylene glycol, the title 
compound was obtained as a white solid. 

Elemental Analysis: Calculated: C, 53.86; H, 4.52; N, 3.49 
10 Pound: C, 54.04; H,4.59; N,3.50 

EXAMPLE 30 

2-(trans-2-Hvdroxvcvclopeptvlorv>-3.f4.methvlstilf onvnphenvl.5. 
15 trifluoromethvlpvridine 

Following the procedxrres described in Example 1, but 
substituting trans-l,2-cyclopentanediol for ethylene glycol, the title 
compound was obtained as a white solid. 

iH NMR (500 MHz, acetone-de): d 1.60-1.85 (m, 4H), 1.87-2.00 (m, IH), 
20 2.17-2.30 (m, IH), 3.17 (s, 3H), 4.13 (d, IH), 4.20-4.27 (m, IH), 5.30-5.37 (m, 
IH), 7.95 (d, 2H), 8.04 (d, 2H), 8.12 (d, IH), 8.58 (d, IH). 

EXAMPLES 31 AND 32 

25 (+)-2-(cis-2-Hvdrory-2-methvlcvclo pentvloxvV3-(4-methvlsulfonvl')phenvl- 
5.trifluorometbv1pvridine an d f-)-2-(cis-2-HvdroTV.2. 
methvlcvelopentvloTvVa.(4-methvlaulfonvnDhfinv1-'>- 
trifluoromethvlpyridine 

SO Stepl: ci8-l-Methvl-1.2^elQP6Titan«>dinl 

Following the procedures described in Example 8, Step 1, 
but substituting l-methylqrdopentene for 2^thyl-l-butene, the title 
compound was obtained in a crude form as an oil and was used without 
further pxirification in the next reaction. 

35 
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Step 2: (+AV2-(ds.2.HvdrQTv.2.methvlevft1ftppnt vlQyyV3-rA. 

methYlsalfonvl)Dhenvl»5-trifluoroTnethvlnvririinfl 
Following fhe procedures described in Example 1, but 

substituting cis-l-methyl*l,2-cyclopentanediol from Step 1 for ethylene 
5 glycol, the title compound was obtained as a white solid. 

Step 3: (->>V2-(cis-2-Hvdro3CV.2-methvlevclopentvloTvV3-f4- 

methvlsulfonvnphenvl-S-triflnoromcthvlpv ridine and 
(cis-2-Hvdroyv.2.methvlcvclopentvlo3tv)-3-f4- 
10 methvlsulfonvnphenvl-5-trifluoroTnet hvlpvridine 

A portion (240 mg) of the racemic material obtained in Step 
2 was subjected to HPLC \ising a chiral column (chiralpak AD from 
DAICEL; 2 X 25 cm) and an eluant of hezaneAsopropanol (83:17) at a 
flow rate of 9 mL/min (12 X 20 mg injections). The first compound to be 
15 eluted (monitoring at 310 nm) with a retention time of 21.5 min was 

obtained as a white solid (102 mg) after concentration ([alD +37°; c = 0.65, 
CHCI3). The second eluting compotmd (retention time 23.6 min) was 
obtained as a white solid (101 mg) after concentration ([alD -28°; c = 0.45, 
CHCI3). 

20 Elemental Analysis: Calculated: C, 54.93; 

Found (+) enantiomer: C, 54.93; 
Found (•) enantiomer: C, 54.62; 



25 



H, 4.85 
H, 5.11 
H, 5.11 



N, 3.37 
N, 3.39 
N, 3.57 



EXAMPLE 33 



3-f4-aminosulfonvl)phenvl-2-fcis-2.hvdroxv-2-m ethvlcvclopentvlo^V5- 
trifluoromethvlpvridine 

Step 1: 3-Bromo-2-chloro-5-trifluoromethvlpvridipe 
30 To a solution of 2-amino-3-bromo-5-trifluoromethylpyridine 

from Example 1 (15 g) in dioxane/water/12N HCl (75 mL:75 mL:15.5 mL) 
at O'C was added a solution of sodium nitrite (10.54 g). The mixture was 
stirred for 3 h at r.t.. The mixture was poured into an ice bath and then 
neutralized with 10 N NaOH. The resulting solid was filtered and 
35 azeotroped with toluene. The resulting solid and POCI3 (14.5 mL) was 
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heated at 80*^C for 3 h. The mixture was cooled to r.t.; poured into an ice 
bath and then neutralized, first by the addition of 3 N NaOH followed by 
the addition of saturated sodium carbonate. The resulting mixture was 
extracted with CH2CI2 and the combined organics were washed with 
5 brine, dried and concentrated. The title compound was obtained as a 
volatile liqwd that was used without further purification in the next 
reaction. 

Step 2: 3-BrQmo-2-(cis-2>hvdroxv>2-methvlc vclQDentvlQ3rvV5- 

10 triflwprpmgthylPYridine 

Following the procedures described in Example 31, Step 2, 
but substituting 3-bromo-2-chloro-5-trifluoromethylpyridine firom Step 1 
for 2-chloro-3-(4-methylsulfonyl)phenyl-5-trifluoromethyl-pyridine, the 
titie compound was obtained as a white solid. 

15 

Step 3: N-f>ButvU4-bromoben2enesulfQnamide 

To a solution of 4-bromobenzenesulfonyl chloride (100.2 g) in 
THF (400 mL) was added i-butylamine (125 mL). An exothermic reaction 
results with gentle refluxing of the solvent. After 30 rain, the bath was 
20 removed and the mixture was allowed to warm to r.t. Isopropyl acetate 
(400 mL) was added and the mixture was washed twice with water. The 
aqueous phase was back-extracted with ethyl acetate and the combined 
organics were dried (sodium sulfate) and concentrated to provide the 
titie compoxmd as a solid (112.9 g). 

25 

Step 4: 4-f-Butvlaminosulfonvlbenzene b oronic acid 

To a solution of N-i-butyl-4-bromobenzenesulfonamide fi:om 
Step 3 (60.2 g) in THF (700 mL) at O^'C was added methyl magnesium 
bromide (75 mL of a 3 M solution in THF). The mixture was stirred at 

30 r.t. for 15 min and then cooled to -65*^0. n-Buiyl lithium (2.35 eq as a 
solution in hexanes) was added dropwise over 45 min and after addition 
was complete, the mixture was stirred at *72^C for 30 min. 
Triisopropos^borate (190 naL) was added slowly while the reaction 
mixture temperature rose to -58^C. Upon completion of the addition, the 

35 cold bath was removed and the mixture was warmed to r.t. 
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10 



Concentrated NH4CI (500 mL), water (500 mL) and 2N HCl (500 mL) 
were added successively and then the mixture was adjusted to pH 5-7 
with 10 N NaOH. The resulting mixture was stirred at r.t. for 15 h and 
then isopropyl acetate (700 mL) was added. The aqueous layer was 
acidified to pH 3 and the phases were separated. The aqueous layer was 
further extracted with isopropyl acetate/i-butanol (1:1, 600 mL). The 
combined organics were dried (sodium sulfate) and concentrated. The 
residue was stirred vigorously in toluene (300 mL) and filtration of the 
resulting solid provided the title compound (42 g). 



Step 5: 4-Aminosulfonvlben2ene boronic acid 

A solution of 4-^-butylaminosulfonylbenzene boronic acid 
(500 mg) in TFA (5 mL) was stirred at r.t. for 15 h. The mixture was 
diluted with ether and the solid material was filtered to provide the title 
15 compound. 

Step 6: 3>(4-aminosulfonvl)Dhenvl-2-fcis-2-hvdroxv-2> 

methvlcvclopentvloxvVS-trifluoromethvlpvridine 
A mixture of the bromide (150 mg) firom Step 2, 4-- 

20 aminosulfonylbenzene boronic acid (98 mg), 2M aqueous sodium 

carbonate (573 mL) and dibromobis(triphenylphosphine)palladiTim (20 
mg) in ethanol/benzene (4.5 mL, 1:1) was heated at reflux for 15 h. The 
mixtiu-e was cooled to r.t., diluted with water and extracted with ether. 
The organics were concentrated and the residue was subjected to stirred 

25 vigorously in ether/hexane for 1 h to provide, after filtration, the title 
compound (35 mg) as a beige solid. 

Elemental Analysis: Calculated: C, 51.92; H, 4.60; N, 6.73 

Found: C, 52.10; H,4.33; N,6.50 

30 EXAMPLE 34 

5-Chloro-2-fcis>2-hvdroxv-2-methvlcvclopentvlQYvV3>f4> 

methvllpulfoPYDphenyllpyric^ine 
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Following the procedures described in Example 31, Steps 1 
and 2, but substituting 2,5-dichloro-3-(4-methylsulfonyl)phenylpyridine 
from Example 5, Step 2 for 2-chloro-3-(4-methylsulfonyl)phenyl-5- 
trifluoromethylpyridine, the title compound was obtained as a white 
5 solid. 

Elemental Analysis: Calculated: C, 56.62; H, 5.28; N, 3.67 

Found: C, 56.92; H,5.53; N,3.64 



10 



EXAMPLE 35 

2-(trans-2-Hvdroxv-2-methvlcvcIoT>entvloTvV3-f4-methvlsulfo nvnphenvl. 
5-trifluoromethvlpvri^flT^ 

Step 1: tranS'l-Methvl-1.2-cvclopentanediol 

15 To a hot (50*C) solution of H2O2 (1.3 mL of a 13 M solution in 

water), acetic acid (6.1 mL) and tungsten(VI) oxide (20 mg) was added 
slowly 1-methylcyclopentene (1 g). The mixture was stirred at 50'C for 
15 h and then the acetic add was removed in vacuo. 2 M NaOH (10 mL) 
was added and the mixture was refluxed for 90 min. The' mixture was 

20 cooled to r.t;, the aqueous phase was saturated with NaCl solid and then 
extracted 5 times with ethyl acetate. The combined organics were dried, 
filtered through a pad of silica gel, eluting with ethyl acetate/ethanol. 
The filtrate was concentrated and the crude brownish paste, containing 
the title compound, was used without further purification in the next 

25 step. 

Step 2: 2-(trans-2-Hvdroicv-2-methvlcvc1opent vlo?cvV3-f4- 
methvlsulfonvDphenvl-S-trifluoromethvlpvridine 
Following the procedures described in Example 1, but 
30 substituting trans-l-methyl-l,2-cyclopentanediol from Step 1 for ethylene 
glycol, the title compound was obtained as a white solid. 
Elemental Analysis: Calculated: C, 54.93; H, 4.85; N, 3.37 

Found: C, 54.73; H,4.86; N,3.45 

35 EXAMPLE 36 
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2-(cig-2-HY(fa-QXY-2-ethYlcvelopentvlo3nrV3-f4-TnP thvlsii]fnnvnpT,PT,vl.^^ 
trifluoromethvlpvridini^ 

5 Stepl: cis-l-Ethvl.3 ■2w!vclopentflnatiiol 

To a solution of cydopentanone (17.7 mL) in THF (400 mL) at 
O'^C was added ethyl magnesium bromide (100 mL of a 3M solution in 
THF) and the resulting miacture was stirred at r.t. for 2 h. Saturated 
was added and the mixture extracted with ether. The organics 
10 were combined and concentrated. A portion of the material so produced 
(10 g) was treated with 85% H3P04 (catalytic amount) and heated to 
115^0. The desired 1-ethylcyclopentene (3.4 g) was distilled off as it was 
formed. Dihydroxylation was accomplished by following the procedures 
described in Example 8, Step 1, but substituting 1-ethylcyclopentene for 2- 
15 ethyl-l-butene. In such a way the title compound was obtained in a 
crude form as an oil and was used without further purification in the 
next reaction. 

Step 2: 2-fcis-2-Hv droxv-2-ethvlcvclopentv1oxvV3-f4- 
20 methvIsulfonvl)phenvl-5 -trifluorQmP.thvlDvririinP 

Following ihe procedures described in Example 1, but 

substituting cis-l-elJiyl-l,2-cyclopentanediol from Step 1 for ethylene 

glycol, the title compound was obtained as a white solid. 

Elemental Analysis: Calculated: C, 55.94; H, 5.16; N, 3.26 
25 Found: C, 56.13; H,5.25; N,3.28 

EXAMPLE 37 

2-fds-2-HvdroxY-2-methvlcYclohexvloxvV3.f4-Tnftthv1 sulfonvlVhenvl..«S- 
30 trifluoromethvlpvridine 

Step 1: cis.l-Methvl-1.2.cvclolieTflnBHin1 

Following the procedures described in Example 8, Step 1, 
but substituting 1-methylcydohexene for 2-ethyM-butene, the title 
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compound was obtained in a crude form as an oil and was used without 
further purification in the next reaction. 

Step 2: 2-fcis-2-Hvdroxv-2-methvl cveloheTvlnTv^a.(4- 
5 methvlsulfonvnDhenvl-S-triflnornTTiftf hvlpvridine 

Following the procedures described in Example 1, but 
substituting cis-l-methyl-l^M^dohexanediol from Step 1 for ethylene 
glycol, the title compound was obtained as a white solid, m.p. 93.5-95'C. 

10 EXAMPLE38 

2-((3$)-3-Hvdroxv-1-hutvloxvV3^4-ip ethvlsiilfnTivnnT.Anv1.K. 
trifluoromethvlnvriHinP 

To a solution of (S)-l,3-butanediol (807 mg) in DMF (10 mL) 
15 at 0"C was added potassium «-butoxide (7.2 mL of a IM solution in THF). 
After 1 h, the mixture was cooled to -20*C and then 2-chloro-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine (1 g) was added as a 
solid. The resulting mixture was stirred for 24 h, wanning to r.t. To the 
mixture was added saturated NH4CI and the mixture wjis extracted 
20 with ethyl acetate. The organics were dried (MgS04) and concentrated. 
Flash chromatography (1:1 hexane/ethyl acetate) provided the title 
compound as a white solid (323 mg). 

iR NMR (300 MHz, acetone-de): d 1.15 (d, 3H), 1.75-2.00 (m, 2H), 3.15 (s, 
3H), 3.65 (d, IH), 3.85-4.00 (m, IH), 4.60 (dd, 2H), 7.95 (d, 2H), 8.03 (d, 2H), 
25 8.10 (d, IH), 8.57 (d, IH). 

EXAMPLE 39 

2-f(3R)-3-Hvdroxv-l-butvloxvV3-f4-methvlsulfonv1^hPTiv1-«U 
30 trifluoromethvlpvridine 

Stepl: (R)-l-f-Butvldiphenvlsnt»cv-Vhiit»T.n1 

A mixture of (R)-l,3-butanediol (2 g), triethylamine (4 mL) 
and f-butyldiphenylchlorosilane (6.7 g) in CH2CI2 (80 mL) was stirred at 
35 r.t. for 15 h. Saturated NH4C3 was added and the mixture was extracted 
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with ethyl acetate. The combined organics were dried (MgS04) and 
concentrated. Flash chromatography of the residue (9:1 hexane/ethyl 
acetate) provided the title compound as an oO. 

5 Step 2: 2>((3RV3>Acetoxv-l>butvlox vV3>(4>methvlsuIWDphenvU5. 

trifluoromethvlpvridine and 2RV4> Acetoxv>2-butvloxvV 
8-(4'methvlsulfonvl)phenvl>5-trifluoromethvlpvridine 
FoUowing the procediires described in Example 38, but 
substituting (R)-l-f-butyldiphenylsiloxy-3-butanol from Step 1 for (S)-l,3- 
10 butanediol, followed by treating the mixture of regioisomeric diols with 
acetic anhydride in pyridine at nt, for 1 h, the title compounds were 
obtained. Upon flash chromatography (9:1 hexane/ethyl acetate) of the 
crude acetates, which contained both regioisomers, the first compound 
to be eluted was 2-((3R)-3-acetoxy-i-butyloxy)-3-(4-methylsulfonyl)phenyl- 
15 5-trifluoromethylpyridine. Recrystallization (hexane/ethyl acetate) of 
column fractions that were enriched in this regioisomer provided a 
sample of pure material (500 mg). Column fractions that were enriched 
in the alternative regioisomer (200 mg), 2-((2R)-4-acetoxy-2-butyloxy)-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, were used in Example 
20 41. 

Step 3: 2-((3RV3^Hvdroxv-l>butvWV344-methvlsulfonvlfahenvU 

5-trifluoromethvlpvridine 

A solution of 2-((3R)-3-acetox5r-l-butylo3^)-3-(4- 
25 methylsulfonyl)phenyl-5-trifluoromethylpyridine (500 mg) from Step 2 
and 1 N NaOH (3 mL) in methanol (10 mL) was stiixed at r.t. for 15 h. 1 
N HCl (3 mL) was added and the organics were removed in vacuo. The 
residual aqueous phase was extracted with ethyl acetate and the 
organics were washed with brine, dried (MgS04) and concentrated. The 

30 title compoxmd was obtained as a white solid. 

iH NMR (500 MHz, acetone-de): d 1.15 (d, 3H), 1.77-1.96 (m, 2H), 3.19 (s, 

3H), 3.67 (d, IH), 3.88-3.98 (m, IH), 4.60 (dd, 2H), 7.96 (d, 2H), 8.02 (d, 2H), 
8.10 (d,lH), 8.57 (d,lH). 
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10 



25 



EXAMPLE 40 

2-(3-Hydroxv-3-methvl-l-butvloxv)-3-(4-methv1sn1fnnvnphPT.y].K. 
trifluoromethvlpvridine 

Following the procedures described in Example 1, but 
substituting 4-niethyl-l,3-butanediol for ethylene glycol, the title 
compound was obtained as a white solid. 

Elemental Analysis: Calculated: C, 53.59; H, 5.0; N, 3.47 

Found: C, 53.35; H,5.19; N,3.42 

EXAMPLE 41 



2-((2R)-4-Hvdrory-2-butvlmcvV3-f4-methvlsulfnn vnDhenvl..S- 
trifluoromethvlpvridine 

15 Column fractions that were enriched in 2-((2R)-4-acet037-2- 

bu1ylosy)-3-(4-methylsulfonyl)phenyl-5-trifluoromethylpyridine (from 
Example 39, Step 2) were hydrol3rzed following the procedures described 
in Example 39, Step 3. Flash chromatography of the residue (1:1 
hexane/ethyl acetate) provided the title compound as a solid. 

20 iH NMR (500 MH2, acetone-de): d 1.37 (d, 3H), 1.76-1.89 (m, IH), 1.89-2.00 
(m, IH), 3.18 (s, 3H), 3.55-3.60 (m, IH), 3.60-3.68 (m. 3H), 7.95 (d, 2H), 8.02 
(d, 2H), 8.09 (d, IH), 8.56 (d, IH). 



EXAMPLE 42 



2-(2-Hvdroxv)thioethoxv-3-f4-methvlsulfon vl)phenvl-.«>- 
trifluoromethvlpyridine 

A mixture of 2-chloro-3-(4-methyls\ilfonyl)phenyl-5- 
trifluoromethylpyridine (200 mg), 2-mercaptoethanol (84 mL) and 
30 triethylamine (416 mL) in DMF (3 mL) was stirred at r.t. for 15 h. 

Saturated soditun bicarbonate was added and the mixture extracted with 
ethyl acetate. The organics were washed with brine, dried (MgS04) and 
concentrated. The residual solid was stirred vigorously in ether and the 
title compound was obtained as a white solid, m.p. 156-158.5'C. 

35 
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EXAMFLE43 

2-(2-Hvdroxv-2-methvl-l-thiopm pvloxvV3-f4-methvlsulfQnvl)phenvl-5- 
trifluoromethvlnvridine 

5 

Step 1: 3-Hvdro3tv-3-methvlpropanethiol 

To a solution of methyl thioglycolate (5 znL) in THF (90 mL) 
at r.t. was rapidly added methyl magnesium bromide (50 mL of a 3 M 
solution in THF). The mixture was stirred for 15 h at a bath 

10 temperature of 100**C. The mixture was cooled to r.t and then poured 
slowly into a stirred solution of saturated NH4Cn (150 mL). Saturated 
NaCl was added and the mixture was extracted 5 tiT"<r^« wi& ether. The 
combined organics were dried and concentrated to provide the title 
compound (3 g) that was used without further purification in the next 

15 reaction* 

Step 2: 2-(2>Hvdrnyv-2>methvl-l>t hioDropvloTv).3>fA> 

methvlsulfonvl)phenvl-5»trifluoromethvlpvridine 
A mixture of 2-chloro-3-(4-methylsulfonyl)phenyl-5- 
20 trifluoromethylpyridine (336 mg), 3-hydroxy-3-methylpropanethiol (127 
mg) and potassium carbonate (excess) in DMSO (10 mL) was stirred at 
r.t. for 2 h. Saturated NH4CI was added and the mixture extracted with 
ethyl acetate. The organics were washed with brine, dried (MgS04) and 
concentrated. Flash chromatography of the residual material, followed 
25 by stirring the partially purified material vigorously in ether, provided 
the title compoimd as a pale yellow solid (324 mg). 
Elemental Analysis: Calculated: C, 50.36; H, 4.47; N, 3.45 

Found: C, 50.17; H, 4.55; N, 3.45 

30 EXAMPLE44 

5>Chlorc>-2-(2-HvdroYv -2-methvl>l>thioDropvloxvV344> 

mgthYlsu^fo^YDpheAYlpyrid^ng 

Following the procedures described in Example 43, but 
35 substituting 2,5-dichloro-3-(4-methylsulfonyl)phenylpyridine for 2- 
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dJoxx)-3-(4-methylsulfonyl)phenyl-5-trifluoromethylpyridine, the title 
compound was obtained as a white solid. 

Elemental Analysis: Calculated: C, 51.67; H, 4.88; N, 3.77 

Found: 0,51.59; H,4.93; N,3.85 

5 

EXAMPLES 45 AND 46 

(^•V2^(2•Hvd^oxv■2.methvl-l.thiobutvloTvV3-f4.Tnfithvlfi»lfnnvlVhAnv^■.«U 
trifluoroinethvlpvridine and (-)-2-f 2-Hvdro3i:v-2-methvl-l-t hiobiitvlrocvV3- 
10 (4-methvlsulfonvl)phenvl-5-trifluoromethvlpvridiTii. 

Step 1: Triphenvlsilvl(2-hvdroxv-2-methvlbi]tvnsnlfiH«> 

Following the procedures described in Example 47, Step 1, 
but substituting 2-methyl-l-butene for 2-ethyl-l-butene, the title 
15 compound was obtained as an impure oil that was used without further 
purification in the next step. 

Step 2: (+/.V2.(2-Hvdroxv.2.methvl.l.thiobutvlQicv).3-f4- 
methvlsulfonvl)phenvl-5-trifluQromethvlpvridine 
20 Following the procedures described in Example 47, Step 2, 

but substituting triphenylsilyl(2-hydroigr-2-methylbutyl)sulfide fi^m Step 
1 for triphenylsilyl(2-ethyl-2-hydroxybutyl)sulfide, the title compound 
was obtained as a white solid. 

25 StepS: (•»-)-2-(2-Hvdr oxv-2-methvl.l.thiobutvloxvV3-(4- 

methYlsulfonvl)phenvl-5-trifluoroinethvlDvridine and f-V2- 
i2c Hvdro^cv-2-methvl-1 -thiobutvloryVa.r 4- 

methvlsulfonvnphenv1-5.trifluoroTnfith vlpvridine 
A portion (500 mg) of the racemic material obtained in Step 
30 2 was subjected to HPLC using a chiral column (chiralpak AD from 
DAICEL; 2 X 25 cm) and an eluant of hezane^sopropanol (78:22) at a 
flow rate of 9 mT/min (10 X 50 mg infections). The first compound to be 
. eluted (monitoring at 334 nm) with a retention time of 24.8 min was 
obtained as a white solid (170 mg) after concentration ([a]D ■<'15'*; c s 1, 
35 CHCI3). The second eluting coxapound (retention time 26.6 min) was 
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obtained as ai white solid (170 xng) after concentration ([a]D -12°; c = 1.2, 
CHCI3). 

Elemental Analysis: Calculated: C, 51.54; H, 4.81; N, 3.34 
Found (+) enantiomer: C, 51.25; H, 4.70; N, 3.34 
5 Found (-) enantiomer: C, 51.33; H, 4.71; N, 3.18 

EXAMPLE47 

2-(2-EthYl-2-hYdrOXY-l-thiobutvloxv)-3-f4-iDethv1sii1fnnvnpl.opYl-i'^- 
10 triflnoromethvlpvridiTie 

Stepl: Triphenvlsilvlf2.ethvl.2.hvHro^biitvnsn1fi«^p 

To a solution of 2-ethyl-l-butene (2 g) in THF (25 mL) at O^C 
was added mCPBA (6 g of 80% material) and the resulting mixture was 

15 stirred at r.t. for 30 min. Calcium hydroxide (3 g) was added and after 15 
min, the mixture was filtered and the filtrate concentrated. A mixture 
of the crude epoxide, triethylamine (5 mL) and triphenylsilanethiol (6 g) 
in THF (50 mL) was heated at reflux for 24 h and then stirrQd at r.t. for 7 
days. Saturated NH4CI was added and the mixture was extracted with 

20 ethyl acetate. The organics were concentrated and then hexane/etho' 
were added. After vigorous stirring, the mixture was filtered and the 
filtrate was concentrated to yield the title compound as an impure oil 
that was used as such in the next step. 

25 Step 2: 2-(2-Ethvl-2-hvdroTv.l.thiohi^tv1nTvV.q^il- 

methYlsulfonYl)phenvl-5.trifluornmethvlnvriHinP 
To a solution of 2-chloro-3-(4-methylsulfonyl)phenyl-5- 
trifluoromethylpyridine (Example 1, Step 4) (500 mg) and the crude 
sulfide fi-om Step 1 (-1 g) in THF (20 mL) at r.t. was added TBAF (3 mL of 

30 a 1 M solution in THF). After 1 h, water was added and the mixture was 
extracted wilh ether. The organics were concentrated and the residue 
subjected to flash chromatography (7:3 hexane/ethyl acetate). The 
resulting solid was stirred vigorously in pentane/ether and the title 
compound was obtained as a white sohd. 
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Elemental Analysis: Calculated: C, 52.73; H, 5.08; N, 3.14 

Found: C, 52.64; H, 5.12; N,3.23 

EXAMPLE 48 

5 

5-Chloro-2-f2-cthvl-2-hvHmT v-l-thiobutvlQ^V3-U. 
methvlsulfonvnphBnvlpvnMinA 

Following the procedures described in Example 47, but 
substituting 2,5-did3loro-3-(4-methylsu^onyl)phenylpyridine for 2- 
10 chloro-3-(4-methylsulfonyl)phenyl-5-trifluoromethylpyridine, the title 
compound was obtained as a white solid. 

Elemental Analysis: Calculated: C, 54.06; H, 5.54; N, 3.50 

Found: C, 63.45; H, 5.47; N, 3.48 

15 EXAMPLE 49 

2-(l-HYdroxYCVclopentYlHhiomethoTV-3-(4.Tnetli vlsulfonvnDheTivl..q. 
trifluoromethv1pvnMTn«* 

Following the procedxires described in Example 47, but 
20 substituting methylenecydopentane for 2-ethyH-butene, tiie title 
compound was obtained as a white solid. 

Elemental Analysis: Calculated: C, 52.89; H, 4.67; N, 3.25 

Found: C, 52.89; H,4.72; N,3.16 

25 EXAMPLE 50 

2-(3-HYdroxv-2-thioT)roDvloxv)-3-(4-m6thvlfiii1f onvnphenvl-5- 
trifluoromethvlpvrit^ipp 

A mixture of 2,5-dichloro-3-(4- 

30 methylsulfonyDphenylpyridine (336 mg), thiolactic acid (135 mL), and 
CS2C03 (1 g) in THF (10 mL) was stirred at r.t. for 15 h. Saturated 
NH4CI was added and the mixture was extracted with ether. The 
organics were concentrated and the residue was treated with 
diazomethane to provide the methyl ester. The ester was dissolved in 

35 THF and treated with DIBAL at r.t. After reduction was complete, 
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10 



water was added and the mixture extracted with ethyl acetate. The 
organics were dried and concentrated. The residual material was 
subjected to flash chromatography (1:1 hexane/ethyl acetate) and then 
stirred vigorously in ether to provide the title compound (88 mg) as a pale 
yellow solid. 

Elemental Analysis: Calculated: C, 49.10; H, 4.12; N, 3.58 

Found: C, 48.75; H, 4.16; N, 3.58 

EXAMPLE 51 

5-Chloro>2-((ZV3-Hvdroxv-3-methvM^butenvn>3-f4> 
methvlsulfonvnphenvlpvridine 

Step 1: 5-ChlQro-2>f3-Hvdroxv-3-m ethvl-l-bi3tvnvnAr4- 

15 methvlsulfonvDphenvlpvridine 
A mixture of 2,5-dichloro-3-(4- 
methylsulfonyDphenylpyridine (3 g), 2-methyl-3-butyn-2-ol (1.85 g), 
triethylamine (5.5 mL), dibromobistriphenylphosphine palladium (790 
mg) and Cul (100 mg) in MeCN (100 mL) was heated at reflux for 1 h. 

20 The mixture was cooled to r.t. then filtered through a pad of Celite. The 
filtrate was concentrated, water was added and the mixture extracted 
with ethyl acetate. The organic phase was extracted several times with 6 
N HCl and then the aqueous phases were neutralized with 10 N NaOH 
and re-extracted with ethyl acetate. The latter organics were dried 

25 (MgS04) and concentrated. Flash chromatography (1:1 hexane/ethyl 

acetate) of the residue followed by recrystallization (hexane/ethyl acetate) 
provided the title compound as a solid (3 g). 

Step 2: 5-ChlQro-2>((Z)-3-Hvdroxv-3-methvUl-butenvlV3-f4> 

30 mgt^Yl?^lfQ^Y^)ph^^Y^pYri^ii^e 

A mixture of the acetylene fi-om Step 1 (2.75 g) and Lindlar's 
catalyst (500 mg) in THF (100 mL) was shaken under an atmosphere of 
hydrogen (15 psi) for 90 min after which time, approximately 50% of the 
starting material was consumed. The mixture was filtered through a 

35 pad of Celite and the filtrate was concentrated. Flash chromatography 
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of the residue (1:1 hexane/ethyl acetate) provided the titie compound as a 
white solid (900 mg). 

Elemental Analysis: Calciilated: C, 58.17; N, 3.96; H, 5.21 

Found: C, 58.03; N,3.98; H,5.16 

5 
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WHAT IS CLAIMED IS: 

1. A compound of formula I or a pharmaceutically 

,SOj,R^ 




r7 

x-c-{C)„-c>or9 

R* r6 R« 

I 



acceptable salt thereof wherein 

X is selected from the group consisting of 

(a) 0, 

(b) S, 

10 (c) bond, 

n is 0 or 1, 

R1 is selected from the group consisting of 

(a) CH3, 

(b) NH2, 

15 (c) NHC(0X;F3, 

R2 is chosen from the group consisting of 

(a) halo, 

(b) Ci-eallcoxy, 

(c) Ci^alkylthio, 

20 (d) CN, 

(e) Ci-ealkyl, 

(f) Ci.6fluoroal^l, 

(g) N3, 

(h) -C02RlO, 
25 (i) hydroxy, 

(j)-C(Rll)(Rl2)^H, 
(k) -Ci^alkyl-C02-Rl3» 
0) Ci.6fluoroalkoxy, 
(m) N02, 
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(n)NRl4Rl5, 
(o)NHCORl6 

r3 to r16 are independantly chosen from the group consisting of 
(a) hydrogen 
5 (b)Ci.6alkyl 

or R3 and R7, or R7 and R8 together with the atoms to which they are 
attached form a carbocydic ring of 3, 4, 5, 6 or 7 atoms, or R3 and R5 are 
joined to fonn a bond. 

10 2. A compoiind according to Claim 1 wherein 

X is a bond. 

3. A compound according to Claim 1 wherein 

XisO. 

15 

4. A compound according to Claim 1 wherein 

XisS. 



5. A compound according to Claim 1 wherein 

20 RlisCHs. 



6. A compound according to Claim 1 wherein 
R^ is chosen from the group consisting of 

(a) halo, 
25 (b) Ci-4a]kMjy, 

(c) Ci.4alkylthio, 

(d) CN, 

(e) Ci.4alkyl, 

(£) Ci-4fluoroalkyl, 
30 (g)-C02RlO, 
(h) hydnn^, 

7. A compound according to Claim 1 wherein 
R^ is chosen from the group consisting of 

35 (a) halo. 
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(b) Ci-4alkoxy, 

(c) Ci^alkylthio, 

(d) CN, 

(e) Ci^alkyl, 

5 (f) Ci^uoroalkyl, 

8. A compound according to Claim 1 wherein 
R2 is halo or Ci^uoroaUyl. 

10 9. A compound according to Claim 1 wherein 

nis 0. 

10. A compound according to Claim 1 wherein 
X is selected from the group consisting of 
15 (a) a bond, 

(b) O, 

(c) S, 

is selected from the group consisting of 
(a) CH3, 
20 (b) NH2, 

R2 is selected from the group halo or Ci-sfluoroalkyl. 



I* 
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U. A compound according to Claim 1 of the fonnida 




^ 1?^ 
X-C — C— OR« 

I 

wherein 

5 X is selected from the group consisting of 

(a) a bond, 

(b) O, 

(c) S, 

is selected from the group consisting of 
10 (a) CH3. 

(b) NH2, 
is chosen from the group consisting of 

(a) halo, 

(b) Ci.4alkoxy, 
15 (c) Ci^alkylthio, 

(d) CN, 

(e) Ci^alkyl, 

(f) Ci.4fluoroalkyl, 

(g) -C02RlO, 
20 (h) hydroxy, 

R3. R4, r7, r8 and r9 are independantly chosen from the group 
consisting of 

(a) hydrogen 

(b) Ci-ealkyl 

25 or R3 and R7, or R7 and R8 together with the atoms to which they are 
attached form a carbocyclic ring of 3, 4, 5, 6 or 7 atoms. 

12. A compound according to Claim 10 

wherein 

30 X is selected from the group consisting of 
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(a) a bond, 

(b) O, 

(c) S, 

R1 is selected from the group consisting of 
5 (a) CH3, 

(b) NH2, 
R2 is halo or Ci-Sfluoroalkyl, 

R3i r4, r7, r8 and r9 are independantly chosen from the group 
consisting of 
10 (a) hydrogen 

(b) Ci-ealkyl 

or r3 and R*^, or R*^ and R^ together with the atoms to which they are 
attached form a carbocyclic ring of 3, 4, 5, 6 or 7 atoms. 

15 13. A compound according to Claim 11 

wherein 

X is selected from the group consisting of 

(a) a bond, 

(b) O, 
20 (c) S, 

R^ is selected from the group consisting of 

(a) CHs, 

(b) NH2, 

R2 is halo or Cl-efluoroalkyl, 
25 R3> r4, r7, r8 and r9 ^cre independantly chosen from the group 
consisting of 

(a) hydrogen 

(b) Cl^alkyL 

30 14. A compound selected from the group consisting of 

(1) 2-(2-Hydroxy)ethoxy-3-(4-methylsulfonyI)phenyl-5- 
trifluoromethylpyridine, 

(2) 2-(2-Methoxy)ethoxy-3-(4-methylsulfonyl)phenyl-5- 
trifluoromethylpyridine, 
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(3) 2-(2-Hydroxy-l-propyloxy).3-(4-methylsulfonyl)phen^ 
trifluoromethylpyridine, 

(4) 2-(2-Hydroxy-2-xnethyH-propyloxy)-3-(4- 
xnethylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(5) 5-Chloro-2-(2-hydroxy-2-inethyl-l-propylo3or)-3-(4- 
methylsulfonyDphenylpyridine, 

(6) 2.(2-Methoxy.2-methyl-l-prdpyloxy)-3-(4- 
inethylsulfonyl)phenyl-5-trifluoroinethylpyridine, 

(7) 2-(2.Hydroxy-2-inethyl-l.butyloxy)-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(8) 2-(2-Hydroxy.2-ethyl-l-butyloxy)-3-(4-methylsulfonyl)p^ 
5-trifluoromethylpyridine, 

(9) 5-Chloro-2.(2-hydroxy-2-ethyH-butyloxy)-3-.(4- 
methylsulfonyDphenylpyridine, 

(10) 2-(2.Hydroxy-2.phenyl-l-propyloxy).3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(11) 2-(l-Hydroxycyclopropyl)rDethoxy-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(12) 2-(l-Hydroxycyclobutyl)methoxy-3-(4-methylsulfonyl)phenyl- 
5-trifluoromethylp3nridine, 

(13) 2-( l-Hy<iroxycyclopentyl)methoxy-3-(4- 
methylsulfonyDphenyl-S-trifluoroinethylpyridine, 

(14) 5-Chloro-2-(l-hydroxycyclopentyl)methoxy.3-(4- 
methylsulfonyDphenylpyridine, 

(15) 2-(l-Hydroxycyclohexyl)inethoxy-3-(4- 
raethylstilfonyl)phenyl-5-trifluoromethylpyridine, 

(16) 2-((2S)-3-Hydroxy-3-methyl.2-butyloxy)-3-(4- 
methylsulfonyDphenyl-S-trifluoromethylpyridine, 

(17) 2.((2R)-3-Hydroxy-3-methyl-2-buiyloxy)-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyri(iine, 

(18) 5-Cadoro-2-((2R)-3-Hydroxy-3-methyl-2-butyloxy)-3-(4- 
methylsulfonyDphenylpyridine, 

(19) 2-(4-Hydrpxy^-methyl-3-pentyloxy)-3-(4- 
niethylsidfonyl)phenyl-5-trifluoromethylpyridine, 
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(20) 2-((2S)-3-Ethyl-3-hydroxy-2-pentyloxy).3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(21) 2-((2R).3-Ethyl-3-hydroxy-2-pentyloxy)-3-(4- 
inethylsulfonyl)phenyl-5-trifluoromethylpyridine, 

5 (22) 2-(l.(l.Hydroxycyclopentyl)ethoxy)-3-(4. 

methylsulfonyl)phenyl-5-txifluoroinethylp3nridine, 

(23) 2-((2R,3R)-3-Hydroxy-2-butyloxy).3^4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(24) 5-Chloro-2-((2R,3R)-3-hydroxy-2.butyloxy)-3-(4- 
10 methylsulfonyDphenylpyridine, 

(25) 2-((2R,3S)-3-Hydroxy-2.butyloxy)-3-(4-methylsulfo 
5-trifluoromethylpyridine, 

(26) 2-((2S,3S)-3-Hydroxy-2-butyloxy)-3-(4-methylsulfonyl)phenyl^ 
5-trifluoroinethylpyridine, 

15 (27) 2-((2S,3R)-3-Hydroxy-2-butyloxy)-3-(4-methylsiilf^ 

5-tri{luoromethylp3nridine, 

(28) 2-((2R)-l-Hydroxy-2-propyloxy).3-(4-methylsulfonyl)pheny 
trifluoromethylpyridine, 

(29) 2-(cis-2-Hydroxycyclopentyloxy)-3-(4-methylsulfonyl)phenyl- 
20 S-trifluoromethylpjn-idine, 

(30) 2-(traiis-2-Hydroxycyclopentyloxy)-3-(4- 
methylsiilfonyl)phenyl-5-trifluoromethylpyri(iine, 

(31) (+)-2-(cis-2-Hydroxy-2-inethylcyclopentyloxy)-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

25 (32) (-)-2-(cis-2-Hydroxy-2-methylcyclopentyloxy)-3-(4- 

methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(33) 3-(4-aminosiilfonyl)phenyl-2-(cis-2-hydroxy-2- 
methylcyclopentyloxy)-5-tiifluoromethylpyridine, 

(34) 5-Chloro-2-<cis-2-hydroxy-2-methylcyclopentyloxy)-3-(4- 
30 methylsulfonyDphenylpyridine, 

(35) 2-(traiis-2-Hydro3Qr-2-methylcyclopentyloxy)-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(36) 2-(cis-2-Hydroxy-2-ethylcyclopentyloxy)-3-(4- 
methylsxilfonyl)phenyl-5-tri£luoromethylpyridine, 
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(37) 2-(cis-2-Hydroxy-2-methylcyclohexyloxy)-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(38) 2-((3S)-3-Hydroxy-l-butyloxy)-3-(4-methykulfonyl)pheny 
trifluoromethylpyridine, 

5 (39) 2-((3R)-3-Hydroxy-l-butyloxy)-3-(4-methyls\ilfonyl)pheny 

trifluoromethylpyridine, 

(40) 2-(3-Hydroxy-3-inethyl-l-butyloxy)-3-(4- 
methylsulfonyl)phenyl-5-trifluoromethylpyridine, 

(41) 2-((2R)-4-Hydroxy-2-bulyloxy)^-(4-methylsulfonyD^^ 
10 trifluoromethylpyridine, 

(42) 2-(2-Hydroxy)thioethoxy-3-(4-methylsulfonyl)phenyl-5- 
trifluoromethylpyridine, 

(43) 2-(2-Hydro3qr-2-methyl-l-thiopropyloxy)-3-(4- 
methylsiilfonyl)phenyl-5-trifluoromethylpyridine, 

15 (44) 5-Chloro-2-(2-Hydroxy-2-methyl-l-thiopropyloxy)-3-(4- 

methylsulfonyDphenylpyridine, 

(45) (+)-2-(2-Hydroxy-2-methyl-l-tWobutylosy)-3-^^ 
methylsulfonyl)phenyl-5-trifluoromethylp3rridine^ 

(46) (.)-2-(2-Hydroxy-2-methyl.l-thiobutyloxy)-3.(4- 
20 inethylsulfonyDphenyl-S-trifluoromethylpjnridine, 

(47) 2-(2-Ethyl-2.hydroxy-l-thiobutyloxy).3-(4- 
methylsulfonyDphenyl-S-trifluoromethylpyridine, 

(48) 5-Cliloro-2-(2-ethyl-2-hydroxy-l-thiobutyloxy)-3-(4- 
methylsulfonyDphenylpyridine, 

25 (49) 2-(l-Hydroxy<grclopentyl)thioniethoxy-3-(4- 

methylsulfonyDphenyl-S-trifluoromethylpjnridine, and 

(50) 2-(3-Hydroxy-2-thiDpropyloxy)-3-(4-methylsulfonyl)phenyl-5- 
trifluoromethylpyridine, and 

(51) 5.Chloro-2.((Z)-3-Hydroxy.3-methyl-l-butenyl)-3-(4- 
30 methylsulfonyDphenylpyridine, 

15. A pharmaceutical composition for treating an 
inflammatory disease susceptible to treatment with an non-steroidal 
anti-inflammatory agent comprising: 
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a non-toxic therapeutically effective amount of a compound salt according 
to Claim 1, and a phamiaceutically acceptable carrier. 

16. A pharmaceutical composition for treating cyclooxygenase 
mediated diseases advantageously treated by an active agent that 

5 selectively inhibits COX-2 in preference to COX-1 comprising: 

a non-toxic therapeutically effective amount of a compound according to 
Claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or 13, and a pharmaceutically 
acceptable carrier. 

17. A method of treating an inflanunatory disease susceptible 
10 to treatment with a non-steroidal anti-inflammatory agent comprising: 

administration to a patient in need of such treatment of a non-toxic 
therapeutically effective amount of a compound according to Claim 1, and 
a pharmaceutically acceptable carrier. 

18. A method of treating cyclooxygenase mediated diseases 
15 advantageously treated by an active agent that selectively inhibits COX-2 

in preference to COX-1 comprising: 

administration to a patient in need of such treatment of a non-toxic 
therapeutically effective amount of a compound according to Claim 1. 

19. A pharmaceutical composition comprising a compound of 
20 Claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 12 or 13, and a phannaceutically 

acceptable carrier. 

20. Use of a compound of Claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 1 1, 
12 or 13, in the manufacture of a medicament for the treatment of an 
inflammatory disease susceptible to treatment with a non-steroidal anti- 

25 inflammatory agent. 
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21. A compound of Claim 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 or 
13 for use in therapy. 

22. An anti-inflammatory pharmaceutical composition 
comprising an effective anti-inflammatory amount of a compound of Claim 

5 14, in association with a pharmaceutically acceptable carrier. 

23. A COX-2 selective, relative to COX-1, inhibitor 
pharmaceutical composition comprising an effective COX-2 selective 
inhibiting amount of a compound of Claim 14 in association witii a 
pharmaceutically acceptable carrier. 

10 24. A compound of formula (I), or a pharmaceutically 

acceptable salt thereof, as defined in any one of Claims 1 to 13, for use in 
treating an inflammatory disease susceptible to treatment with a non- 
steroidal anti-inflammatory agent 

25. A compound as defined in Claim 14 for use in treating 
15 cyclooxygenase mediated diseases. 
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Claims Nos.: 17 and 18 
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